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IT is the privilege of real great- 
nefs not to be afraid of dimi-' 
nution by condefcehding to'the 
notice of little things; a^d I there- 
fore can boldly foljcite the pa-i 
tronage of Your M a j e s.t V to the 
humble labours by which" I have 
endeavoured to improve the inftrii- 
ments of. fcience, and make the 

globes 



DEDICATION. 

globes on which the earth and fky 
are delineated lefs defeflive in their 
cojiilruiStioii,. and lefs difficult i^ 
ttejr' ufe. 



Geography is in a peculiar man- 
ner the fcience of Princes. When 
a private ftudent revolves the terra-: 
queous globe, he beholds a fuccef-r 
iion of countries in which he ha^ 
no more intereft than in the imagi- 
nary regions of Jupiter and Saturn, 
But Your Majesty rnuft con-: 
template the fcientific pifture with 
other fentiments, and confider, as 
oceans and continents are rolling 
before You, how large a part of 
mankind is now waiting on Your 
determinations, and may receive 
benefits or fufFer evils, as Your 
influence 



DfttolCATtON. 

influence is extended or with- 
drawn. 



The provinces which Your M a- 
3 E s T y's arms have added to Your 
dominions, make no inconfiderable 
part of the orb allotted to human 
beings. Your power is acknow- 
ledged by nations whofe names we 
know not yet how to write, and 
whofe boundaries we cannot yet 
defcribe. But Your Ma je sty's 
lenity and beneficence gives us 
reafon to exped: the time when 
fcience fhall be advanced by the 
diffufion of happinefs ; when the 
defaits of America fliall become 
pervious and fafe, when thofe who 
are now reftrained by fear, fliall be 
attrafted by reverence, and multi- 
tudes 



DEDICATION. 

tudes who now range the woods 
for prey, and live at the mercy 
of winds and feafons, fhall by the 
. paternal care of Your Majesty 
• enjoy the plenty of cultivated 
lands, the pleafures of fociety, the 
.fecurity of law, and the light of 
Revelation. 



I am. 



SIR, 

Your Majesty's 

. ixioft jhumble, 

• • • * 

moft obcdiehtj 
and moil dutiful 
'" . ' Subjeifland Servant, 






GEORGE ADAMS. 
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ADVERTISEMENT. 

jD E ING encouraged to offer to the Pui^^ 

lie a fourth edition of my Treati3e 

ON THE Globes, I thought myjelf engaged 

to confder^ whether I might not be able^ by a 

few additions^ to render it more ufeful than 

the former. 

And as fome obfervations on the folar fyfiem 
feemed to be wanting^ I have herein endea^ 
voured to fupply that defe^y by prefixing a 
Jhort view of it. 

I have alfo added fome pertinent problems^ 
and extended the ufe of the Globes to tbf folu^ 
tion of all cafes in Spherical ^Trigonometry^ 
which are applied to a variety of ajironth- 
mical problems \ and that thefe additions might 
be more infruSlive and amufmg^ I have iU 
luflrated them by eleven copper -^plates. 
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PREFACE. 



THE connexion of aftronomy with 
geography Is fo evident, and both 
in conjuniftion are fo neceffary to % 
learned education, that no man wUl be 
thought to have deferved ill of the republic 
of letters^ whq has applied his endeavours 
^o throw any new light upon fuch ufefu! 
fciences. And as the phoenomenon of the 
earth ^d heaveps can be adequately illu- 
ilrated only by the mechanical contrivance 
pf globes^ whatever improvement is made 
in thefe miift defcrye regard, in proportioi^ 
as it facilitates the attainment of aftfonpmi? 
pal and geographical knowledge^ 

As to maps and ajl projeftions of the 
Iphere in planoy their ufe is more difficult 
^an thofe of the globe, of which indeed 
^ey are only fo many pidures ; nor can 
^ev be thoroughly underftood without more 

MI 



fkill in geometry than is commonly poC- 
feiTed by beginners, for whofe ufe the fol- 
lowing treatiie is principally defigned ; tho' 
it alfo contains fome obfervations, which I 
hope will not be altogether unacceptable to 
a more learned reader. 

The globes now offered to the Public, are 
of aconftrudlion new and peculiar; thiy are 
contrived to folve the various phosnomena of 
the earth and heavens, in a more eafy and 
natural manner than any hitherto publi.Iied, 
and are fo fufpended that the ftudent may 
elevate the fouth pole; a thing impradicable 
in the ufe of the common globes. 

That agreement too, which is here 
painted out between the celeftial and ter- 
reftrial fphere, will be found to open a large 
field of geographical and aftronomical know- 
ledge ; and will afford both inftrudlion and 
amufement to every unprejudiced enquirer. 
This correfpondence arifes from a compari- 
fon of one globe with the other, or of the di- 
ftances of different places on the earth's fur^ 
face, with the relative diftances of fuch fixq 
ilars as anfwer to them in the heavens. 
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PREFACE. 

By thefe fteps of fclence, the mind of 
man may be raifed to the contemplation of- 
the divine wifdom, which has fo adjufted. 
the proportions of days, months, feafons, and 
years, in the differentpartsof theterraqueoust 
globe, as to have diilributed with an impar- 
tial hand, tho' after a manner wonderfully 
various, an equal rtiare of the fun's light to, 
every nation under heaven. 

By thefe globes, with little or no expcJ 
rience in aflronomy, may be fecn how the- 
moon changes her place every night, hT 
observing her pofition with refpeft to anyfl 
fixed ftar, and how ihe proceeds regularly T 
from it to the eaftward ; as the feveral pla- 
nets alfo may be oblerved to do, fome more 
flowly than others, aG their orbits are more 
or lefs remote from the center of the lyftem; 
while the regularity of their motions, ftridly 
conformable at all times to the laws of their 
Creator, exhibits a ftriking pattern of obe-, , 
dience to every rational fpedtator. , 

But it will be proper in this place to in- 
form the Reader what he is to exped in the * 
globes, and in the following treatife intended ' 
to accompany and explain them. 

The 



xIt preface. 

The luperior accuracy with which ilie 
plates are drawn and engraved, will, it is 
hoped, appear to competent judges at the 
firft fight; for the peffeding of which no" 
expence of time or labour hath been fpared. 
The celeftial globe is improved by the ad- 
dition of feveral thoufand ftars more thait 
have appeared upon any globe hitherto pub- 
iilhed; all the lateft difcoverles in geography 
and afttonomy are in both of them ftriftly 
followed, and many new lines and circles 
are infcribed, the ufe of which will be fully 
explained hereafter. 

In the treatife, we have made choice of 
that method of finding the times of equinox^ 
which is the moft modern and fimple ; and 
which perhaps gives the trueft mean length 
of a tropical yearj that the young fi:udent 
may with greater eafe and pleafure be made 
acquainted with the firft principles, and 
from them be carried on to the more ab- 
ftrufe parts of aftronomy. 

To render this book as extenfively ufeful 
as poffible, I have endeavoured, widi all 
the clearnefs I am mafter of, to exprefs 
both my own and the fentiments of other 
authors on the famcfuhjedi and I think 

it 



PREFACE- 



[h my duty to acknowledge the aflUlance !> 
have received in the courfe of this work, z» 
Well from books, as from fome worthy 
friends ; as I would not willingly incur the- 
imputation either of plagiarifm, or ingra- " 

^titude. If there fliould appear to be any 
defeats, to which every human work is 
liable, the Reader, I hope, will make fome 
favourable allowance for the undertaker of ' 
a talk fo complicated and laborious, and' 
corredl my errors for hirafelf, as well as he 
is able. 

N. B. "When the Reader is hereafter dircfted 
10 apply a card, or the edge of a card, to anjr 
part of the globe, it is to be underftood that he 
fhould cut a card of any kind, exadly in the 
Cze and fhape of A BCD, fig. 27. for the 
globes of eighteen inches diameter ; and of 
the fize and fliape of E F G H, for thofe of 
twelve inches diameter ; then, if the arch B 
C, or FG, are applied to the furface of thsir 
rcfpcftive globes, the lines A B, or CD, EF, 
and G H, will become radii from the cen- 
ter of the globe. It is frequently required to 
know what point upon the ftrong brafs me- 
ridtntif or broad paper circle, exa<5lly anfwers 
to a given point upon the globe, and as this 
cannot 
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cannot ..fier: well .'Icisp^ I by ; ihfpedionir; hw zc^ 

€irc^)K6 from rthe ;fuffacer; if the , cprnc;- B or F 
he, [applied; to thergiycnpomt upon, the globe, 
the .ecjg^ jC(f the Cjard -will exadtly mark the de- 
grcc t)r par( of the degj'ce required. . 



' . 1 •< ' 



j> . > . 



J For elevating the pole exaftly, the card is to 
be-:l^i4crippn.'the .Inroad paper circle, and its 
edge, applied ;;to xht iftrong brafs meridian, by 
which means the degree,- and parts of a degree, 
njay b^ afcertained with fufficient accuracy. 
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COMPREHENSIVE VIEW 



OF THE 



SOLAR SYSTEM. 



3K]^5)«(STRONOMY, which is dcfer^ 
|2 A ^ vedly eftecmed the moft noble and 
58(^^^ exalted branch of human literature, 
regards the various phoenomena of thofe 
heavenly bodies, which the invention of 
curious inftrumentshath brought within our 
obfervatiOB, irem the furface of the ter- 
reft rial globe. 

It difcovers to us their fituation, magni* 
tudes, diftances, and motions ; and enables 
•us to determine with precifion the length 
of years, months, and days, and to account 
for the viciffitAjdes of the feafons ■; aftd, in 
A word, explains whatever falls within our 

B con-' 
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confideration, as the proper fubjed of this 
ufeful and interefting ftudy* 

The Solar Syftem 

1. Confifts of the fun, (from which it 
receives its denomination,) fix primary, 
ten fecondary planets, and the comets. 
Thefe, with that collection of innumerable 
Ipherical bodies which compofe the univerfe, 
are called the fyftem of the world; all 
which appear to the inhabitants of the earth 
as if they were within one and the fame con- 
cave Iphere, 

2. The Copernican^ or folar^ fyftem fup- 
pofes the fun in the center, having a motion 
round its axis, which is completed in about 
25-^ days. This motion was difcovered by 
the revolution of thofe fpots, which are 
frequently feen in its difc, and are fuppofed 
to adhere to its furface ; and its axis is in- 
clined to the plane of the ecliptic in an angle 
of about 87 i degrees. 

3. The fix primary planets move round 
the fun in their refpedlive elliptical orbits, 
from weft to eaft, at different diftancegj and 

in 
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in various periodical times. Their names 
and charadlers, in the order in which they 
revolve about the fun, are exprefled in fig. 2, 
and are as follows : 

Mercury, Venus, The Earth, Mars, J,upiter, Saturn, 

4. The planets are diftinguifhed from 
the fixed ftars, by their motion, and the 
fleadinels of their light. The apparent dia- 
meter of the fixed ftars is fo fmall, by rea- 
Ibn of their immenfe diftance, that every 
fmall atom floating in our atmofphere in- 
tercepts their light, and caufes them to 
twinkle. But that of the planets being 
greater, as they are nearer to us, they fhine 
with a fteady light. 

5. The fixed ftars keep their places and 
diftances with refpedl to each other, but the 
planets change theirs, from one part of the 
heavens to another. (^ 

6. Some of the primary planets are at- 
tended with fmaller, called fecondary pla- 
nets, moons, or fatellites. Our earth is at- 
tended by the moon ; Jupiter by four, and 
Saturn by five fatellites; the nine laft are not 
viiible without the afliftance of aiielefcope. 

B 2 7. The 
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7. The obfervation of comets, feen fome- 
tlmes within the limits of the folar fyftem, 
hath been hitherto fo imperfeft, that we 
fhall only take notice for the prefent, that 
they are fuppofed to move round the fun, 
in very eccentric orbits, and appear to us 
only when they are in that part of their or- 
bit neareft the fun : they move in various 
direftions and inclinations; the lovi^er part 
of one of thefe orbits is reprefented in fig. 2. 

As the fun has a number of planets and 
comets moving round him, fo every fixed 
flar is fuppofed to be a fun, and to have a 
lyftem of its own. 

The orbits of the planets. 

8. The path defcribed by a planet in its 
motion round the fun is called its orbit. 
In fig. 2. their feveral orbits are reprefented 
by concentric circles : the paths which 
they defcribe are elliptical, and the fun is 
in one of the focL • In fig. 3. ATPV is 
an ellipfe, AP its tranfverfe, VT its con- 
jugate diameter, S and N are its two foci, 
C is the centre of the ellipfe ; the diftancc 
between%CS or CN is called the eccen- 
tricity. 

9. The 
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9. The orbit of every planet is in a plane 
pafling through the fun, which planes are 
inclined to one another \ thus in fig. 4. let 
ABCD reprefent the earth's orbit, or plane 
of the ecliptic ; this is taken for a flandard, 
from which the inclination of each orbit of 
the planets, as EDFB, is meafured. The 
inclination of the orbit or Mercury is 6^, 
52', that of Venus 3°, 33', of Mars i^, 52', 
of Jupiter i^, jto', and of Saturn 2^, 30'. 

10. To a ipedlator from the fun, the 
plapes pf the orbit of each planet produced 
to the fixed ftars would mark, in the ce-. 
leftial iphere, their feveral inclined helio- 
centric orbits ; their pafllage through thefe 
is their heliocentric motion. Thefe extend- 
ed planes, to a fpedlator on the earth, mark 
out in the ftarry fphere their geocentric 
orbits I and their apparent motion through 
thefe, is called their geocentric motion. 

1 1 . The latitude of a planet feen from 
the earth, is called its geocentric, if f^en 
from the fun, its heliocentric, latitude. 

The nodes of a planet's orbit 

12. Arc two points in which it inter- 
ie<5ts the plape of the ecliptig. In fig. 4, 

B 3 ABCD 
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ABCD is the plane of the ecliptic ; EBFD 
is the orbit of a planet, in which the points 
B ^nd D are the two nodes. B the afcend- 
ing, D the defcending node ; the point E 
is called its greateft northern, and F its 
greateft fouthern limit. 

13. The line of the nodes is a line BD 
drawn through the fun from one node to 
the other. 

A planet, feen from the earth, never ap- • 
pears in the ecliptic, but when it is in one 

■ 

of its nodes : in all other parts of its orbit it 
has geocentric latitude. 

The inferior planets 

14. Are Mercury, and Venus; they are 
called inferior, becaufe their orbits are in- 
cluded within that of the earth ; fee fig. 2. 

Mercury 

15. Moves round the fun in 87 d. 23 h. 
1 6 m. which is called his periodical time. 
If we call the mean diftance of the earth 
from the fun 1000, the mean diftance of 
Mercury is 387, his eccentricity 80. No 
ipots have yet been obferved in Mercury ; 

there- 
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therefore it is not certainly known whether 
he turns about his axis or not j but it is 
mofl probable that he does. 

Venus 

1 6. Performs her revolution round the 
fun in 224 d. i6h. 49 m. which is called 
her periodical time; her mean diflance is 
724, and her eccentricity 5 ; her motion 
about her axis is performed in 24 days, 8 
hours, according to Bianchini ; and the in- 
clination of her axis to the plane of the 
ecliptic, is 15 degrees. 

17. The greateft diftanceof the earth, or 
of any planet from the fun, is called its aphe- 
lion, or higher apfis; its leaft diftance is 
called the perihelion, or lower apfis. Thus 
in fig. 3. A is the place of the aphelion, P 
that of the perihelion. The axis PA of any 
planet's ellipfis, is called the line of the 
apfides ; the extreme points of its fhorteft 
diameter TV, are the places of its mean 
diflance from the fun; and ST, or SV, 
the line of its mean diftance. 

18. A planet is faid to be in conjunflion 
with the fun, when its apparent place, feen 
from the earth, is in or near the fun's 

B 4 place; 
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place ;r it is faid to be in oppoUtion^ wh^a 
the earth is between the fun and planet. 

The elongation of a planet 

19. Is its apparent diftance from the fun^ 
as feen from the earth. A planet has no 
elongation when in conjundion with the 
fun; in pppofition, it has 180 degreeSr Irii 
iig. 5. t T t reprefents a part of th^ earth's 
ojrbit y T the earth, S the fun ; A C E ari 
arch of the ftarry Iphere, and d the place 
of Venus in her orbit. A Ipedatpr upon 
the earth at T would refer the fun's place 
to thofe fixed ftars at C, and that of Venus 
to thofe at D : in this cafe the angle C T D 
is the apparent diftance between the fun and 
Venus, and is called the angle of elonga- 
tion. 

20. An inferior planet may be in con- 
jun(5lion with the fun in two fituations; 
1 4 when it is between the earth and the 
fun, called the inferior conjundipnj 2. when 
the fun is between the earth and planet, 
called its fuperior conjundion ; but it can 
never be in oppofition to the fun, 

21. The greateft elongation of an inferior 
planet is when a line TE, drawn from the 

earth 
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earth at T, through the planet at c, is a 
tangent to the orbit of the planet. 

22. As an inferior planet moves from its 
grefiteft elongation at a, fig. 5. through c^ 
its fuperior conjuhdion, to e, its greateft 
elongation on the other fide of the fun, its 
geocentric motion is dired. 

23. When the earth i§ at T, Venus at z^ 
a fpedator at T fees the planet at ^, in the 
line T a A among the fixed ftars at ' A ; 
when the planet is come to b, it appears in 
the line T b B, or amongft the flars at B j 
at c, it is in its fuperior conjundtion, and feen 
among the ftars at C ; at d, it appears among 
the ftars at D 5 and when it arrives at e, it 
appears among thofe at E. In this motion^ 
Venus appears to defcribe the arc A B C D E, 
i^i the concave fphere of the heavens : apd 
as thefe letters are in the fame direction with 
4 b c d e, which exprefs the planets mption 
round the fun, its apparent motion feen 
from the earth is therefore dired, from 
weft to eaft, or according to the order of 
the figns. 

24. An inferior planet pafling from e^ its 
greateft elongation, through f, its inferior 
fonjunftion, to a, its greateft elongation on 

the 
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the' other fide of the fun, its geocentric mo- 
tion is retrograde. 

As Venus is moving from e to n, flie 
appears in the line TndD, and is feen 
atnong the ftars at D; when fhe comes to f, 
her inferior conjundion, (he appears a mongft 
the ftars at C; at ni, (he is feen in the con- 
cave fphere at B ; and wrhen fhe is at a, in 
her own orbit, fhe appears at A, in the hea- 
vens. Hence, as the planet pafTed through 
e nf m a, in its natural motion, its apparent 
motion was backwards through EDCBA, 
or contrary to the order of the figns. 

25. When the inferior planets are at their 
greateft elongation, they appear ftationary> 
or continue in the fame place for fome 
time, before their motion changes from 
dired: to retrograde, or from retrograde to 
direft again. 

The time of the retrogreflion of Venus 
is about 40 days ; of Mercury, 1 8 days. 

26. In order to have a clear idea of the 
apparent motion of a pla'net, conceive the 
lines T a A, T b B, &c. to move with the 
earth ; fo that the points e n f m a, whilft 
the earth performs its revolution, may run 
through the orbit of the planet. 

27. The 
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27. The inclination of the orbits of the 
planets to the plane of the ecliptic, is the 
caufe, why they do, not feem to move in the 
ecliptic line, but are fometimes above, and 
at others below it. In fig. 6. let NVNQ^ 
be a circle in the plane of T t the ecliptic, 
and NAN, the planet's inclined orbit, S 
the fun, the earth at T, and the planet at 
A; if the fhort line VA be imagined per-* 
pendicular to the plane of the ecliptic^ and 
to pafs through the planet at A, the angle 
VTA, is the latitude of the planet, which 
is called the geocentric latitude, to diftin- 
guifh it from the heliocentric latitude, as 
feen from the fun, which is reprefented by 
the angle A S V. 

28. When a planet is in the node at N, 
it appears in the ecliptic line j as it recedes 
from thence its latitude increafes ; and thi^ 

• 

is different, according to the fituation of the 
earth ; fo that the latitude is greater when 
the earth is at T, and the planet at A, than 
when the earth is at t, and the planet at V. 

29. A planet is faid to be in quadrature 
when it is 90 degrees diflantfrom the fun; 
the inferior planets cannot be in quadra- 
ture^ as their greatefl elongation can never 

be 
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he a right angle; therefore they never ap- 
pear far from the fun ; for Venus and Mer- 
cury are only feen in an evening towards 
the weft, foon after fun-fet, or a little be- 
fore the fun rifes in the morning. The 
greateft elongation of Mercury is 33 degrees, 
and of Venus 48 degrees. 

30. As Venus moves from her fuperior 
to her inferior conjuniflion, fhe fets after 
the fun, and is called the evening-ftar j 
and as flie is moving from her inferior to 
her fuperior coiijuniflion, fhe rifes before the 
fun, and is called the morning -ftar. 

31. The fun, being larger than any 
planet, enlightens a little more than an 
hemifphere; and as we can only fee half 
a planet at once, that hemifphere which 
we fee is called the difc of the planet. The 
inferior planets are not vifible to us, wheR 
in their inferior conjundlion, but their whole 
difc is illuminated in their fuperior con- 
junflion : and when they are in one of their 
nodes, they appear on the difc of the fun 
hke a black fpot ; and this is called a tranfit 
of the planet acrofs the difc of the fun. 
As the enlightened hemifpheres of the in- 
ferior planets are fomctimes more, at others 

Icfs, 
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lefs, turned towards tlie earth, they appear 
through a telefcope to have all the phafes 
of the moon. 

32. When Venus is the evening-ftar ^ her 
horns are turned towards the eaft> and the 
fun fets before, and to the weftwafd of 
her. When Ihe is a morning-ftar, her horns 
are turned towards the weft, and the fun 
tifes after, ox to the eaft of her ; in both 
cafes, the horns are always turned from the 
fun. When Ihe is at her greateft elongation, 
half the enlightened hemifphere will face 
iflie earth, and her difc appear as the moon 
does in the quarters ; but when in any part 
hetween that and her inferior conjundlion, 
ihe appears horned, and "between her great- 
eft elongation and fuperior conjunftion, her 
appearance is gibbous. 

33. What has been faid of the planet 
Venus, is alfo true with refpeft to Mer- 
cury, with this difference, that he is direit, 
ft:ationary, &c. fo much more frequently, 
as his revolutions round the fun are per- 
formed in a ftiorter fpace of time. 

The earth. 

34. The apparent motion of- the fun, 

arifing 
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arifing from the earth's annual motion in 
its orbit, is as follows : In fig. 7. S.repre- 
fents the fun, T, the earth in its orbit T t, 
and R Q^the concave fphere of the iixed 
ftars. Whilft the earth is moving. in its. orbit 
fropp. T tp t, the fyin fpems to move through 
the ■ ftarry arch frora Qjto R, whi(?Ii mea- 
fures 'the angle . R S Q, equal to th?. angle 
T 5 t, fo that the celerity of the apparent 
motion :of the fun depends upon the ce- 
lerity of the angular motion of the earth, 
with refpe<fl to the center of the fun-. In 
a whole revolution of the earth, the fun 
alfo feems to run through a whole circle. 

.35.. The earth moves round the fun 
between the orbits .of Venus arid Mars, 
in 365 days, 5 hours, 49 minutes. Befides 
this annual motion, it turns round its own 
axis.in 24 folar hours j its axis is conftantly 
inclined in an angle of tb\ degrees to the 
plane of the earth's orbit, or the ecliptic, 
and keeps con(;inually parallel to itfelf in 
every part of its revolution. 

In fig. 8. S reprefents the fun, ABCD 
the orbit of the earth ; in the periphery of 
which, the center of the earth is carried 
round the fun, according to the order of 

the 
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the figiis, or in confeqnentia. T S ^ re* 
prefents the equinoftial colure, S S vs, the 
folftitial colure ; the circle in each, abed, 
reprefents the earth in the four cardinal 
points of its orbit ; in which d c feparates 
the enlightened part c b d of the earth's 
^ifc, from d a c, the obfcure part of it. 

The plane of the earth'^ annual orbit, 
ABCD, extended every way to the fphere 
of the fixed ftars, would defcribe the ce- 
Jeftial ecliptic, which would coincide with 
the terreftrid ecliptic, here reprefeqted by 
•each of the circles abed; in which e is 
the pole of the ecliptic, P the pole of the 
world, or of the equator : in all thefe pro- 
jedtions, ae is the equator, t the tropic of 
Cancer, L the path or vertex of London ij 
and the circles cutting each other in P the 
pole of the world, are circles of right afcenr 
fion in the celeftial, and of longitude in the 
tcrreftrial fphere. 

36. As the fun always enlightens one 
half of the earth's globe at the fame time, 
the line dc, that divides the illuminated 
from the obfcure part of the earth's difc, is 
icalled the edge of the difc. 

Pa, 
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P a, P d, P b, P c, reprefent fo much of 
the earth's axis as falls within thefe pro- 
jedions ; thefe may be called the line of 
diredlion of the earth's axis, which is con- 
ftantly carried round the annual orbit, al- 
ways parallel to itfdf. 

37; The • inclination of the earth's axis 
will be better underftood by obferving 
fig. 9. in which ABCD reprefents the 
earth's orbit, feen at a diftance ; the eye 
fuppofed to be elevated a little above the 
plane of it. The earth is here reprefented 
in the firft point of each of the twelve figns, 
as marked in the figure, with the twelve 
monjths annexed : e the pole, and e d the 
axis of the ecliptic, always perpendicular to 
the plane of the orbit. P the north pole 
of the world, P m its axis, about which 
the earth s daily motion is made from weft 
to eaft. P C E Ihews the angle of its in- 
clination, which preferves its parallelifm 
through every part of its orbit. 

38. When the earth is in the firft point 
of Libra, the fun thqn appears in the op- 
pofite point of the ecliptic at Aries, about 
the 22d of September, N. S. and when, 
the ^artli is in Aries, the fun will then 

appear 
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Appear in Libra about the 19th of March/ 

at which times of the year the edge of ■ th# 

enlightened hemifphere is parallel to tK$ 

folftitial colure, fig. 8; ahd paffes through 

the two poles of the world, dividing every 

parallel to the eiqUator into two equal pdrts*^ 

whence the diurnal parallel of every itlhafei^ 

tant on the furface of the:^ag«h."JWiil;;-at 

cither of thefe-feafons, be half inimeilltt-^ 

hiinatcdj and half in. the obfeure ^pirf bf 

the earth ; confequently the day atfii iii^Ht 

will be equal in all places; - ■' J* .' ■ > 

39. Conceive the-^tar'th td have -tticMSa 

from ^ Libra to vs Capricorn, ^ its^lkie <>F 

direction keeping its parallelifm will now 

coincide With the folftitial coliire^ fi[g. 8. $and 

the edge of the difc will be perperidielllat 

thereto, and pafs throftgher'thepoleof thi 

ecliptic. In this fituatidii of the^rlhV all 

places within the northern polar circle are 

illuminated throughout the whole diurhsfl 

revolution; at which tiltle their inh^l^ifeh* 

fethc fun longer thaA 24 hours; but- th6fe 

^hich lie under the polar circfe touch the 

«dgeof thcdrfc/ and therefore tJitif-iiihibt- 

*ints only fee the fun fkim quite round their 

Horizon at its firft appearance ; every other 

C parallel 
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pai-allsl'ifiterfe(fts the edge of tile difc; and 
as the illliinirlated part of each is much 
grtater than the oblcure part, the days are 
donieqliently at this feafon, of the fum- 
ifler folftice, which happens about the 21ft 
of; June, longer than the nights. While 
the earth is moving from Libra, through 
Capricorn to Aries,- the north pole P, being 
in the illuminated hemifphere, will have fix 
months continual day j but while the eartli 
paffes from Aries through Cancer to Libra, 
the north pole will be in the obfcure part, 
and have cotitinual night ; the fouth pole of 
the globe at the fame time enjoyitig con- 
tinual day, 

40. When the earth is at Cancer, the furi 
appears at Capricorn. At this feafon the 
nights will as much exceed the days, as the 
days exceeded the nights, when the earth 
was in the oppofite point of her orbit; for 
the noiHrurnal arches, or obfcure part of 
their paths, are here equal to the illuminated 
parts, when the earth was at Capricorn; 
and the illuminated part is here no 
than the obfcure part was in that plai 
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Our fummer is nearly eight days 
longer than the winter. 

41. By fummer, is meant the time in 

which the earth is moving in her orbit from 

the vernal to the autumnal equinox ; and 

by winter, the time in w;hich it is paffing 

from the autumnal to the vernal equinox. 

Upon the globe it is evident that the eclip>- 

tic is divided into fix northern and fix 

ibuthem iigns, and that it <intei::&ds the 

equator at the points marked T and ^ . In 

our fummer, the fun's apparent motion is 

throqgh the fix nordiern, and in winter 

-dxrough the &il fouthem 'figns ; yet the fun 

16 i86d. lih. 51m. in p^ng through the 

fix firfl, and only 178 d. 17 h. 58 m. in 

paffing through the fix lafl. Their jdiiference 

ijA. 17 h. 53 m, is the length of time by 

which our fummer exceeds the winter. 

42. In fig. 1 6. ABCD reprefents the 
cardi's orbit ; S the fun in one of its foci : 
wlien the earth is at B, the fun appears at 
fiin the firft point .of Aries; and whilfl 
the eardi moves from B, through C to D, the 
'ion appears 10 run.through; the fix northern 
igns, T o It ffi £V HI to ^a at F. When the 

C 2 earth 
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earth Is at D, the fun appears at,F in the 
firft point of Libra ; and as the earth moves 
from D thro* A to B, the fun appears to run 
thro' the fix fouthemfigns, ^ ni .? vs is: k 
to Aries at H. Hence the line FH, drawn 
from the fii-ft point of T , through the fun 
at S^ to the firft point of ^2:, divides the 
ecliptic into two ^ual parts ; but the fame 
linfe divides the earth's cliptical orbit ABCD 
ihto two unequal parts, (the fun not being 
in the center, but in one of the foci of this 
orbit ; ) the greater part BCD, is that 
which the earth defcribes in fummer, whilft 
the fun appears in the northern figns > the 
leffer part is DAB, which the earth dq,- 
fcribes in winter, whilft the fiin appears in 
the fouthern figns* C the earth's aphelion, 
where it moves the floweft, is in the greater 
part ; A its perihelion, is in the leffer part^ 
where the earth moves fafteft* 

43. The fun's apparent diameter is greater 
in our winter than in fummer, caufed by 
the earth being nearer to the fun, when in 
its perihelion at A in winter, than it is in 
the fummer, when in its aphelion at C ; 
which is its greateft diftance. The fun's 

apparent 
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apparent diameter in winter is 32min. 47 
fee. in fummer 31 min. 40 fee. 

If the mean diftance of the earth from 
the fun be called loop, its eccentricity wiH 
be 17; its greateft diftance J 017, and its 
kaft diftance 983. 

The fuperior. planets, 

44. The apparent motions of the fuperior 
planets agree in many - refpeds with thofe 
of the inferior ones, which have been al- 
ready explained. 

Mars, Jupiter, and Saturn, 

AeP jcaljed fuperior planets. See fig. 2. 

45. If the mean diftance of the earth 
i^m the fun be called 1000, the mean 
diftance of Mars is 1523, its periodical time 
686 d. 23 h. its eccentricity 141, and it 
turns round its axis in 24h. 40 min- The 
planet Mars appears much larger and brighter 
when it is in oppofition to the fun, than 
when it is in conjundion with him. Mars 
appears gibbous, when it is in quadrature, 
but.fuU and round in conjunction or. oppo- 
fition, 

c 3 4>' Ju- 
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' 46; Jupiter is the I^geft of all the pk«i€ff, 
fee fig, 13. he revolves in 9h. 56m. ^bouf 
Kis axiis, which is neatly at right angles to 
tJic plane of his orbit, in which he moVis^ 
^bout the fun in fomewhat lefs than 12 
years, or 4332 days 12 hours. His mean 
diflance from the fun is 5201, and eccen- 
tricity 25 a. Several fpots have been feen 
on Jupiter's furface, which appears to be 
furrounded by feveral beks, or girdles, pa- 

iiallel to his equator: thefe vary in breadth 

• ■ ... 

and diflance from one another. See fig, 13. 
47, Saturn is the fartheft of all the planets 

4rom-thcfun; his mean diflance is 9538, 
eccentricity 547; he is 29^ years in moving 
through his orbit round the fun, or 10759 
days 7 hours. It is not yet known whether 
Saturn turns round his axis or not ; but he 
i^ attended with a broad thin ring, as repre- 

, Anttd in fig. 1 2 . The edge of this ring te- 
iiefts little or none of the fun's light to us : 
the planes of it reflect the light of the fua 
in the fame mannet in which Ae plapet 
does. The plane of the ring is inclined to 
the plane of the ecliptic at art angle of about 
3 i degrees. If we fuppofe the diameter bf 
Saturn to be divided into four equal parts, 

-'=- the 
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the diameter of the ring will be about nine 
ftich parts. The diftance of the inner edge 
of this ring, from the body of the planet, 
is equal to the breadth of the ring. Through 
this fpace, between the planet and his ring, 
the fixed ftars may fometimcs be feen. 

48. The plane of Saturn's ring is parallel 
to itlelf in every part of its orbit. If the 
plane of die ring be produced to the Iphere 
of the fixed ilars, it will cot Saturn's heHo- 
centric orbit in two oppofite points, called /if 
nodes of the ring. As Saturn paffcs firona the 
afcending to the defcending node of hia ring, 
the northern lide of the plane of the ring 
is turned towards the fun ; as it moves from 
the defcending to the afcending node of the 
ring, the fouthern fide of its plane is to- 
wards the fun. When Saturn's ring appears 
elliptical, as in fig. 12. the parts about its 
longed axis reaching beyond the planet's 
difc, are called anf<e^ which a little before 
and after the difappearance of the ring, are 
unequal in magnitude. When Saturn is in 
the heliocentric place of either of the nodes 
of his ring, its plane produced pafies thro' 
the fun, and then the ring becomes invi- 
iible to us. I .. ^•u: ':<<>• 

C 4 The 
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. Tbe-iiiperior planets are fomctimcs in 
CQnjuii(9rk>n with the fun, fomctimcis in qua-i 
dfMure, 'and ifonjiecimes' in oppofi tion . • 
i'.*:^j9.'When the earth is in fuch a ftation,* 
that a line drawn from a fuperior planet to; 
the earth becomes a tangent to the earth:s> 
orBit, the fhperibr:planet appears ftationary. 
If thHearth be at a or g, fig. J a. or *ll1 ,and 
the planet at I; Ig, anAI a,; ar^ tangents ta 
the: earth's orbit;: iriJivhich places.thc planet 
ii&ems' to ftand ftill, or to have no geocen- 

•li'jpo-'Whcn; a fuperior planet, fig^, jo. is 
jndviDgjffom one pf. its apparent ftations A, 
throug^'itscdnjundion DtoG, its.geocen-^ 
trie motion is dired:. 

.:Fig, aa. Whilft the earth is moving from 
a,-thrpugh d to g, a fuperior planet at 1^ 
appears: to ' move in ADG, the concave 
fphere of the heavens, from A, through its 
conjundian D, toits other ftation G; whence 
its appaifent motion feen from the earth is 
diredt, or in conjequentiay which is from 
weft to *4ft, according to the order of the 
figns, 

51. Obferve in fig. :io. that one end a 
pf the line a I A, drawn from the earth at 

. -' a, through 
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a, through* the planet's place a$ I, to the 
concave ftarry fphere A D G, attends thtf 
earth, as it moves through abcdefg; and 
the rniddlj? of .it. is (uppsrfed Jo turn round 
upon the pl^i^fet.as a certter. at I,. the other, 
end A will' tbefi njark .out the pjanjet's apr. 
parent motion :in the heavens. So that the. 
arch A B C D E F G , will jbe that which the 
planet appears to defcribej -and, tjierefbre 
the order of the letters exp^effes its motion 

in confequentia*. . - . - 

52. When a fuperlor p^lanet is paffing 
from one ftation to the .other thco' .the oppo- 
iition, its geocentric motion is retrograde. :: 
As the e^r'th is paffing fromg, %• ji* 
through k to a, the planet '^t, I appears tq 
move from;G, through K its oppofitioh, tp 
A ; in this cafe, the apparent motion of the 
planet at I, feen from the earth, is retro- 
grade. Of in. antecedentia^ that is, from eaft 
to weft, or contrary to the ord?r of the fignsi 
If the end g of the line g I G, fig. 11. at^ 
tends the earth through g m 1 k n h a, and 
the middle of this line turns round upon 
the planet at I, the other end G will de- 
icribe the arch GMLKNHA, which is 
contrary to the order of the letters in fig. 10, 
and therefore retrograde* 

53t The 
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53. The time of the retrogreflion of Mars 
is about 3 months; of Jupiter, 4 months' 
^nd of Saturn, 4i months. 

The planets viewed through a telefco] 
are ftripped of their adventitious rays, and 
appear like circular planes, of a determinate - 
magnitude, vrhofe diameters may be mt 
fured by a micrometer. 

54. The fuperior planets are fometimes 
nearer our earth than at other times ; whence 
they appear larger or lefs, according to their 
different diftances from us. And as they 
are nearer to us than the fixed ftars, they 
may pafs between us and fome of the ftars : 
and as they go round the fun in orbits larger 
than that of the earth, they always turn 
much the greateft part of their illuminated 
hemifphere towards the earth, and therefore 
appear at all times round, or full, except 
only Mars, which in the quadratures is 
Tittle gibbous. 

The fecondary planets. 

55. Three of the primary planets, 
the Earth, Jupiter, and Saturn, in theit 
revolutions round the fun, are attended will; 
leiTer planets, which move round each of 

their 
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their rcfpeftive primaries, according to the 
order of the figtis. 



Tjic Moon 



J 



« f 



56. Moves round the earth in an orfeit, 
whofe femidiameter is about6oifcmidiame-' 
tcrs of the earth ; its eccentricity 3^^ of ihc 
earth's femidiameters, the plane -^of the 
earth's orbit, produced to cut the plane of 
the ecliptic, makes an an^le with it of about 
S\ degrees. The points wherein it interfids 
the ecliptic, are Called the moon's nodes > 
thefe nodes have a flow negrefKve motioA 
of 19^, 19', 43 ^ in a year, which catties 
them round the ecliptic, contrary to the or- ' 
der of the figns, in 1 8 years 234 days. The 
moon's periodical time is 27 d, 7 h. 43 m. 
and her rotation round her axis is performed 
in the fame time. Her eccentricity and in- 
clination are both variable. The orbit which 
the moon defcribes round the earth is efltp^ 
tical, the earth being in one of its foci; 
and when tl^e mooft is at her greateft dif-. 
tance from the earth, or in' her higher apfi§, 
fhe is faid to be in apigceo ; arid when in 
her lower apfis, or leaft diftance, in ptrtgito* 

57. When 
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57. When the. moon is at A, fig. 1^. 
in conjundtion with the.fun at S, and the 
earth at T, it is called New Moon ; and 
when in oppoiition » at E^ it is called Full 
Moon. Theifyzigiss of the^mgon is a 
coflQutnon term to. ^prefs boch its conjunc- 
tion and oppofition. . 
, :58,. ^he moon!s.afcending node is called 
thc.IJ)ragoa s Head, and is thus marked ^ ; 
its dcfcehding node the JDragon's Tail u*. 
^-^59^ A periodical month contains 27 d. 
^ h. ^3 m. in which time the moon de- 
^tthcs her orbit ; a fynodical month coii- 
tams.25>^d. 12 h. 43 m. 3 fee. which is the 
time that paffes between one new or full 
moon, and the next of the fame name 
which fucceeds it ; this is longer than a 
periodical month about 2 days 5 hours. 

60. In fig. 15. S reprefents the fun, AB 
part of the earth's orbit, ML reprefents a 
diameter of the moon's orbit, when the 
earth is at C ; and m 1 another diameter, 
parallel to ML of the fame orbit, when the 
earth is removed to D. Whilft the earth 
is at C, . and the moon at L, in conjunction 
^ith the fun, as the earth moves from C 
to D, and the moon's orbit moves with it, 

the 
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the diameter ML will then be in the po- 
fition ml; fo that when the moon has der 
fcribcd its orbit it will be at 1; but then the 
fun being at S, the moon will not yet be iii 
conjundlion; therefore the periodical month 
is completed before the fynodical, and be- 
fore the moon can come into conjunction 
with the fun. When the earth is at D, 
(he muft move from 1 to e, in the diameter 
ge; whence, befides going roubd her or- 
bit, fhe muft defcrlbe the arc 1 e,. confe- 
quently the fynodical is longer than the 
periodical month by the quantity of the 
arc le. 

61* We do not fee the moon at the con- 
Jundion^ but at the oppofition her whole, 
diic is enlightened. 

In fig. 14. a T b reprefents a part of the 
earth's orbit, S the fun^ T the earth, ACEG 
4he moon's orbit. If the moon is at A, it 
will be on the fame fide of the earth with 
the fun, or in conjundlion ; and the fun will 
then be beyond the moon : therefore the 
-iun does not fbine t>n that hemifphefe of 
ihe moon towards us ; . whence to us her 
'whole difc muft be dark. 

' ■ ■^. ■ . ." 

62. When 
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62. When the moon is at E, it will fcie 
in oppofition, and theeatth between it and 
the fun; confequently that hemifphere which 
is vlfible to us, will be the fame hemifphere 
upon which the fiin ihines, therefore her 
whole difc towards us will be enlightened, 
,ifir the moon will be full. 

63. Fig. 14; The moon's difc is half 
"enlightened when Oie is near the quadra- 
tures at C or G, her apparent diftance 
from the fun at S heing tlien 90 degrees : 
when the moon is between the conjunftiou 
at A, and either of the quadratures G or C, 
the illuminated part of it appears horned, 
as at H and B. When between the full at 
E, and tlie quadratures G or C, the difc 
appears gibbous, as at D and F. Whea,' 
■the moon is at A, it is new; as flie moves 
irom A to C, it is faid to be in the iirft 
quarter; from C to E, in the fecond quar- 
ter ; from thence to G, in the third quar- 
ter; and from G to A again, in the laft 
quarter. 

After the new moon, her horns are 

turned towards the eaft, and before new 

moon towards the weft ; and "when ihe is 

horned, that part of her difc upon which, 

th< 
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' ■ 66. A fateffite in one of its nodes aji^peart 
in the orbit of its pri^Jiary: iii*all bthef 
parts of its orbif it has latitude. ♦ 

If the plane of any circle produced pafTfe's^ 
through the eye, it appears to be a ftraight^ 
line; confcquently every circle, viewed Gb-»^ 
liquely, v^rill appear elliptical ; (6 that 

When a fatellite is in its node, at the- 
fame time that its primary's heliocentric 
place is in the fame degree of the ecliptic 
with it, and the earth in its geocentric node; 
at that time the orbit of the fatellite appears 
a flraight line. When, the primary is in any 
other part of his orbit, the fatellite's orbit 
v^ill appear an ellipfis, whofe fliorteft axis 
increafes in proportion as the primary is 
farther diftant from the fatellite's node. 

The orbit of the earth is fo fmall, when 
compared to thofe of Jupiter and Saturn, 
that in whatever part of her orbit fhe may 
happen tobe, when either of thefe planets 
are in the nodes of their fatellitcs, thefe laft 
will appear to defcribe lines very nearly 
ftraight. . ;. 

:. ty\ When a iatellite is in that femicirclc 
: which is fartheft from the earth, its geo- 
centric motion is diredl; when it is in that 
f neareft 
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lieareft to the earthy its geocentric motion is 
retrograde. 

^ Any fatellite is at its greatefl elongation 
from its prinlary^ vf\itxi a linei fuppofed to 
be drawn from the earth through the fatd-* 
lite, is a tangent to the fatellite's orbit. 

In fig. 17. B a C reprefents a part of 
Jupiter's orbit, NALM the earth's orbit, 
8 the fun, DGFH the orbit of Jupiter's 
outermoft fateHite. When the earth is at 
A| and the fatellite at E or D^ in the 
tangent line AE or AD, then this fatellite, 
feen from the earth at A^ will appear at a 
greater diftance from the primary, than it 
can do in any other fituation; 

68. Every fatellite appears in conjundSion 
with its primary, when it is between the 
^th and its primary; and alfo, when the 
.primary is between the earth and fatellite ; 
the firft is called its inferior, the laft its fu- 
pcrior conjundion^ 

The apparent motion of any fetellite is 
^ifed, as it paffes fromD,. fig. 17. its greatcil 
elongation, through P, its fuperior con- 
junftion, to E, its greateft elongation on the 
other fide \ its geocentric motion feen from 
the earth at A, being then from weft to 

b eaft. 
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eifty in coftfequentiay or according to titer 
order of the figns. 

Any fatellite's appiarent motioh is retro- 
* grade, as it paffes from E, . its grcateft 
•elongation on one fide of its primary, thro' 
H, the inferior conjianflion, toD, its greateft 
elongation on the other fide ; it is therefore 
plain, that its motion feen from the earth 
at A, is from eaft to weft, in antecedentia^ 
or contrary to the order of the figns. 

69. The fatellites are feen fometimes to 
the weft, and fometimes to the eaft of the?r 
refpedliye primaries: they cannot be feeki 
in their fuperior conjunftion, and are fel- 
dom diftinguiftied from their primary in 
their inferior conjundlion. 

70. The diftance of Saturn's innermoft 
fatellite from the center of the primary^ is 
1,93 femidiameters of the ring, thefecond 
2,47, the third 3,47, the fourth 8,00j and 
the diftance of the fifth 23,45 femidiame-* 
ters of the ring. 

The periodical, time of Satunr-s inner* 
moft fatellite is id* 21 h. 18 m. 27 fee* 
The fecorid, 2d. i7h. 41m. 22 fee. The 
thrrd, 4 d. 1 2 h. • 2 5 m. 12 fee. The fout^,. 
15 d. 22 h. 41m. 14 fee. And the fifth 

fatellite's 
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the fun does not (hine» ba8 yet light enough 
to make it faintly vifible. 

The fame fide of the moon is always 
turned towards the earth, and her furface is 
not fmooth, but uneven and mountainous^ 
as may be feen with the afliftance of a tele* 
fcope, either in the firft or laft quarter. 

The fatellites of Jupiter and Saturn. 

64. The diftance of Jupiter's innermoft 
Satellite from his center is 5.667 femidia- 
meters of the planet; the fecond» 9.017; 
the thirds 14.384; and the fourth^ ^S^^99 
Temidiameters. 

The periodical time of Jupiter's firft 
fatellite is id. 1 8 h. 27 m. 34 fee. The 
fecond is 3d. 13 h. 13m. 42 fee. The 
third is 7 d. 3 h. 42 m. 36 fee. And the 
fourth is i6d. i6h. 32m. 9 fee. 

65. The plane of the orbit of every fe- 

condary planet is parallel to itfelf in every 

part of the orbit of its primary. The orbits 

of^l Jupiter's fatellkes -are Jiearly^ but not 

exadly^ in the fame plane; which pxx)duced 

indies an angle with the orbit of Jupiter 

of about .3 degrees ; die fecond deviates a 

' little iirom the refU 

66. A 
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ft 

jatellite's periodical time is 79 d. 7 h. 
48 m. ^ 

71. The iatellites of Jupiter and Saturn 
daft a fhadow upon their primary, which 
may be feeri to pafs over the difc of the 
planet like a fpot ; they alfo frequently fiJl 
into the fhadow of their princiaries, <ind arc 
eclipfed; which may be obfefVed hy the 
help of a telefcope. 

72; Fig. 12, 13. reprefent the different 
magnitudes of the primary and iecondaiy 
planets, with the proportion which they 
bear to each other, and to a globe of twelve 
inches * diameter, which is fuppofed to re- 
prefent the fun. 

The parallax of the heavenly bodies 

73 . Is the change of their apparent places, 
when viewed from difierent ftations. 

The diurnal parallax is the change of the 
apparent place of a fixed ftar or planet, or 
of any celefUal body, arifing from its being 
viewed on the furface, or from the ctntec 
of the earth. Thefixed ftars have no diur- 
nal parallax, the moon a coniiderable one : 
*hat of the planets is. greater or lefs, accord- 
ing to their diftanci^s. 

D 2 74* I^ 
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74. Infig.18. lAK reprefents theeartfj, 
T its center, AB the fenfible, TL the 

'real horizon of a fpeiSator upon the eardi 
at A, M the moon, S the fun, both in the 
fenfible horizon t if feen from A, they will 
appear in the horizon at B; but if feen 
from T, the center of the earth, they will 
appear amongfl the fixed ftars at C and D; 
that is, the moon would appear in the line 
T M D, and the fun in the line T S C : 
thefe are called their true places ; the arch 
BC is called the fun's parallax, and BD 
that of the moon. The angles BSC, and 
B M D, are called the parallactic angles, 
which are refpedlively equal to the angles 
AST, and AM T; under which, AT, a 
Yemidiameter of the eafth pafTing through A, 
the place of the fpedlator, would appear, if 
feen froiti the fun or moon. 

75. If a planet is above the horizon at 
E, its true place feen from T, the center of 
the earth is at F, its apparent place at G, 
and its parallax is F G. Hence it is plain, 
that the higher the planet is elevated above 
the horizon, the lefs is its parallax ; and 
when it is diretftly over the head of the 
fpeftator at H, it will have no parallax at 

alls 
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all ; its apparent place In the heavens being 
'Z, whether it be feen froni A or T. It is 
cbfervablc, that the apparent place G, of a 
planet at 5), feen from the earth at A, is 
always lower or farther from the zenith Z, 
than F, its true place feen from T, except 
when the planet is vertical, or at H; fo that 
the horizontal parallax is greatefl: of all. 

. 76. The diurnal parallax of a planet in 
a vertical circle caufes one of right afcen- 
iion and declination; unlefs it be on the 
meridian, when there is only a parallax of 
declination : it alfo caufes a parallax of Ion* 
gitude and latitude, unlefs the vertical circle 
is a fecondary of the ecliptic. 

In fig. 1 8. W L reprefents the horizon, 
V T an arch of the equator, cutting the 
horizon at T ^ T P the axis of the world, 
and P the celeftial pole, Z the zenith, Z X 
a vertical circle, R the planet's apparent 
place therein, if {&tvi from the earth's fur- 
face ; and Y its apparent place in the fame 
vertical, if it could be {ttn from the earth's 
center : then R Y is its parallax. PR O is 
a fecondary of the equator, paffing through 
the planet, and PYQ^ another fecondary, 
Jpaffing through its apparent place at Yi 

D - whence 
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whence its declination, feen from the ceo- 
ter, is OR, and from the furface Qjr| 
the difference NY, between QY and QN, 
is the parallax of declination. When the 
planet is at R, the fecondary P RO, pafle^ 
through the point O of its right afcenfion 
upon the equator, but the fecondary PYQ^^ 
paffes thro' Y, the planet's apparent place^ 
and Qjts right afcenfipn upon the equator j 
whence the parallax RY, makes a difie- 
rence, or parallax, Q^, in right afcen-- 
fion. 

yy. If a, be the apparent place of a plane( 
upon the meridian Z V W, when feen from 
the furface, and b, when viewed frpm die 
center of the earth, a b is its diurnal paral-* 
lax in a vertical circle Z W to the horizon j 
but this fame circle is alfo a fecondary to 
the equator, whence there can be no pa- 
rallax of right afcenfion. 

Now fuppofe P the pole of VT, which 
is notv called an arch of the ecliptic cut- 
ting the horizon W L in T, Z X a vertical 
circle, \t% RY be the planet's parallax, 
P R O a fecondary of the ecliptifc paffing 
through the planet, when {ttn at R fromi 
the furface of the eartli j P Y Q^another 

fecondary, 
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feondary, pafling through it, if it could 
be idewed from the earth's center, fo as to 
appear at Y ; when at R, its latitude is R O, 
wh?n at y, its latitude is QJi^, the diffe- 
rence I^fY, is the parallax of latitude.* 

78, When the planet appears at R in 
PRO, the fecondary of the ecliptic, the 
pqjnt O is its longitude from the firft point 
of Aries > but when ?t Y in the fecondary 
PY(L Q^is the ppint of its longitude; 
whence the difference QJ) is the parallax 
of longitude. 

But if t|ie planc^t b^ in a vertical circle 
Z W, which pafles thrbjigh P, the pole of 
the ecliptic, it can only have a parallax of 
latitude, and none of longitude. Let ab 
be the parallax of latitiid? i whence fr6m' 
cither ilation, ab will be its parallax of 
latitude ij ^nd as thj^re can pafs but ope fe- 
c^pdary through both, there can be no 
paralj^'of longitude* 

The ahauaj parallax of any heavenly 
bo^y ariies from its being (ttn fro^n the 
€ard^, when it is in diflferent parts of its 
orbit. 
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The refradion of the atmofphere, 

79. If a ray of light enters a tranfparent 
medium obliquely, it does not pafs ftraight 
on, but is bent at the point at which it en- 
ters : this bending is called refradion. 

In fig. 19. AC reprefents the furfa^e of 
the earth, T its center, B P a part of the 
atmofphere, HEK the fphere of the fixed 
flars, AF the fenfible horizon, G a planet, 
G D a ray of light proceeding from G to 
D, where it enters our atmofphere, and is 
refraifled towards the line D T, which i^ 
perpendicular to the furface of the atmo- 
iphere; and as the upper air is rarer thai^ 
that near the earth, the ray is continually 
entering a denfer medium, and is every 
moment bent towards T, which caulcs it 
to defcribe a curve, as D A, and to enter a 
fpeiSator's eye at A, as if it came from E, 
a point above G. And as an objedl always 
appears in that line in which it enters the 
eye, the planet will appear at E, higher 
than its true place, and frequently above 
the horizon AF, when its true place is 
below it at G. 
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The greateft refradlion is when the planet, 
^c. is feen in the hori2on, being 33 min. 
When its altitude is 20 deg. the refraflion 
is 2 m. 14 fee : at 40 deg. of altitude it is 
58 fee : at 60 deg. of altitude it is 29 fee. 
and fo becomes infenfible, as the altitude 
increafes. 
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Solar and kinar eclipfes. 

Bo. An eclipfe is a deficiency of light in 
the heavenly bodies. In an eclipfe of the fun, 
its light is intercepted from the fight of the 
inhabitants of any part of the earth, by the 
moon paffing between them and the fun ; 
and as its difc is either partly, or wholly 
covered, it is called a partial or total eclipfe. 

An eclipfe of the moon is caufed by her 
paffing through the ftiadow of the earth, 
whereby fhe is deprived of the fun's light. 

The fun can never be eclipfed but at the 
time of New Moon j neither can there be 
an eclipfe of the moon, but at the time of 
the Full Moon : In the firfl cafe, the New 
Moon muft be within 18 degrees, in the 
laft, the Full Moon within 12 degrees, of 
pne of her nodes. 

Thcfc 
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Thde luminaries are not eclipfed everya 
New and Full Moon, becaufe the moon's 
motion is not in the plane of the eclipticj 
in which the fun and earth always arc. 
Hence the moon's latitude is oftentimes fb' 
much increafed at the time of the New 
Moon, that her Ihadow does not touch the 
earth; and at the time of Full Moon, fhe 
as frequently palTes by the earth's fhadow 
without entering Into it: but when the 
moon's latitude Is inconfiderable, whicl^ 
only happens when llie is within the Umit^ 
above mentioned, Ihe then appears either 
in or near the ecliptic. 

Let' H G, fig. 20. reprefent the path of 
\ the moon E F, the plane of the ecliptic, 
I %a which the center of the earth's fliadow 
t always moves ; N, the node of the moon's 
I orbit i A, B, C, D, reprefents four places 
I of the earth's ihadow in the ecliptic : when 
^ faer fhadow is at A, and the moon paffing 
ty at I, flie will not enter into the fhadow ; 
but when the Full Moon is nearer to th^ 
node at K, only- part of her globe palTes 
through the fhadow B, and that part be- 
comes dark : this is called a partial eclipfe. 
WtCp the Full Moon is at M, flic enters 
into 
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,^ 

into the ' ffiadow* C ; in paffing througE 
it, fhe becomes wholly darkened at L> and 
leaves the. fhadbw at Or This is called a 
total eclipfe : arid when !the/mbo;i's center 
pafles thi ough that pf the fl;iadoW, which 
can only happen at the very time . fhe is 
in the node at N, it is called a cdntral 



w ' • *• 



eclipfe.. 
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We have not yet mentioned. fhe atmo-" 

. •• " •' 4 . * ■ ' " =*■■■ ''^ 

ipherc, which requires our coniideratipn^^ 

while we are treating of lunar ecfipfesi; for 
the fhadow of the earth does not reich the 
moon. In iig,r2i. T reprefents the earth, 
J8 C D B g f its atmofphere, A B, A B^ 
rays proceeding from the jfun at S, touching 
the atmoipher^ at ^ and B ; thefe go 
ilraight on, and terminate the fhadow of the 
atmofphere at H. The moon is conflantly^ 
enlightened by the fun's rays until Jhe en- 
ters this fhadow, when fhe becomes fainter, 
as fhe continues to moy,e between ABH 
and ABH. 

■ / 

ft ■ , , 

The rayS which entel: the atnqiofbhere 
obliquely, are refracted, and bent' intq^ 
curves that touch the earth ; all the light 
between F f and G g, is intercepted by the 

earth J 
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earth J and the rays C E, D E, terminal 

the earth's ihadow. 

The light between 
frafled by the atmofphere, and diffufed be- 
tween CE, and AB, and continued beyond 
E, the point of the earth's fhadow: whence 
it is plain, that the light proceeding from, 
the fun becomes continually weaker, the 
farther it is from the earth; fo that the 
ihadow of the atmofphere is but a weak 
light, and therefore the moon is vifible i| 
an eclipfe. 

The ihadow of the atmofphere is coni-^ 
cal, becaufe the diameter of the fun is greater 
than that of the earth. This cone does not 
reach fo far as the planet Mars : but the 
diameter of the fliadow, in the place where 
it cuts the moon's orbit, is not -Jth lefs thi 
the earth's diameter. 

A folar eclipfe happens, when the New 
,Moon is in or near the node. In fig. Z2. 
S reprefents the fun, M the moon, her 
ihadow falling upon D C, a part of the 
earth's circumference, which is furrounded 
by a penumbra. Beyond A and F, the 
earth is illuminated by an entire hemifphere 



I 
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of the fun. As you move from A to C, 
or from F to D, the light is continually 
diminifting ; and near C and D, the rays 
come to the earth only from a fmall point 
of the fun's furface. 

This diminiflied light, which furrounds 
'the fhadow every way, is called the pen- 
umbra. An obferver at B or E, can only 
fee half the fun's diameter, the reft being 
hidden by the interpofition of the moon. 
i£ the obferver moves from B to C, or 
from E to D, the fun will be more and 
more withdrawn from his fight, until it 
becomes wholly invifible in the fhadow it- 
felf ; whence it is plain, that there may be 
a folar eclipfe, although the fhadow of the 
moon does not touch the earth, if the pen- 
umbra comes to its furface. 

When the moon's fliadow falls upon the 
*arth, it is called a total eclipfe of the fun; 
if the penumbra only reaches the earth, itx. 
is called a partial eclipfe of the fun : with 
rcfpedt to particular places, it is faid to be 
total where the fiiadow pafles ; central, 
where the center of the moon covers that 
of the fim; and partial, where the pen- 
umbra 
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tynbra on^ ^pes by, as it is reprefente^.^ 

, The wider the fhadow C D, fig. 22. \ii 

the longer the Am will be totaily eclipfed, 

and a larger fpace of the earth will be an- 

-der the fhadow ; but its breadth will vaiy, 

.as the idiftance of the moon from the eartl^, 

and of the eart^ from the fun varies : for 

when the earth is in perihelion^ and -the 

moon in^apogee^ that is, at its greateil dif^ 

4ance from the earthy the ihadow of the 

onoon does not reach the earth, and 4^ 

onoon does not<:over the fun : this is called 

an annular ec^pfe, as 'is reprefented in 

'%• 24. 
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^KX^DOCF the periphery of a femi-*circle be 
j^ I ^ turned round its diameter as an 
^f^^ axis, it will generate the (urface of 
a globe or fphere^ and the center of the 
femi-cirde will be the center of th&g^obe: 
it therefore follows, that as all the points in 
the circumference of theieEiii'-circle^.aitat 
an equal diftance from its center^-ib^dl the 
points of a globe^ thus .generatdd^ ^«>«kft"be 
fthe fame. 

82- Any 
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82. Any ftraight line pafling through the 
center of a globe, being terminated by its 
furface, is called a diameter ; and that diii- 
meter about which the globe turns, is called 
its axis J the extremities of which are called 
the poles of the globe. 

83. Thereare two artiiicial globes. That 
on which the furface of the earth is reprd- 
fented, is called the terreftrial globe. 

84. The other on which the face of the 
ftarry fphere is delineated, is called the ce- 
leftial globe. 

85. Intheufeof the terreftrial globe, we 
are to confider ourfelves ftanding upon foine 
part of its furface, and that its motion re- 
prefents the real diurnal motion of the earth, 
which is from weft to eaft. 

86. In the ufe of the celeftial globe, we 
are to fuppofe ourfelves at the center, and 
that its motion reprefents the apparent di- 
urnal motion of the heavens, which is from 
eaft to weft. 

87. Note, The ftars being delineated upon 
the convex furface of the celeftial globe> 
we muft fuppofe ourfelves at the center j 
becaufe under fuch a fuppofition they would 

appear. 
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appear, as they naturally do, in the concave 
furface of the heavens. 

88, Several circles are defcribed upon the 
furFace oF each globe. Thofe whofe planes 
pafs through the center of the globe, are 
called great circles ; fome of which arc gra*- 
duated into 360 degrees, 90 of Which make 
^ quadfaht. 

89. Thofe circles whofe planes do not 
pafs through the center of the globe, arc 
called lefler circles. 

90* Our new tef reflrial and celefHs^ globes, 
iig. 1 . and fig. 15. ate each of them fufpend^ 
ed at their poles in a ftrong brafs circle 
NZ:^SN, and turn therein upon two 
iron pin«, which are the axis of the globe. 
They have each a thin brafs femi-circle 
NHS moveable about the poles, with a 
fmall thin Aiding circle thereon. 

91. On the terfeftrial globe, fig. i. this 
fcmi-'circle NHS is a moveable meridian, 

• 

and its fmall Aiding circle H, the vifible ho- 
rizon of any particular place to which it is 
ftt: But, 

' 92. On the celeftial globe, fig. 25. this 
femi-cirfle NHS is a moveable circle of 

E decli- 
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decUpatIon> aiid its Tmall circle H,.an arti* 
ficial fun or planet. 

93. Each globe hath a brafs wire circle, 
TWY, placed at the limits of the crepuf- 
culum, or twilight, which, together with 
the globe, is fet in a wooden frame: the up- 
per part BC is covered with a broad paper 
circle, whofe plane divides the globe into 
two hemifpheres, and the whole is fupported 
by a neat pillar and claw, with a magnetic 
iieedle in a compafs box at M. 

94. On. our new: terreftrial globe, the 
divifion of the face of the earth into land 
and water, is accurately laid down from 
the latefl and befi: aftronomical, geographi- 
cal, and nautical dlfcoveries. There are 
alfo many additional circles, as well as the 
rhomb-lines, for the greater eafe and conve- 
nience in folving all the necei&ry geogra-' 
phical and nautical problems. 

95. On the furface of our new celeftjal 
globe, all the fouthern conftellations, lately 
obferved at the Cape of Good-Hope by M» de 
la Caille, and all the flars in Mr. Flamfted's 
Britifh catalogue, are accurately laid down, 
and marked with Greek and Roman letters 
of reference, in imitation of Bayer. Upon 

each 
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tucii fide of the ecliptic are drawn eight 
parallel circles at the diftance of one degree 
from each other, including a fpace of fix- 
teen degrees, called the zodiac ; thefe are 
croflfed at right angles with fegments of 
great circles at every fifth degree of the 
ecliptic, for the readier noting the place of 
the moon or any planet upon the globe. 

96. We have alfb inferted from Ulugh 

Beigh, printed at Oxford, A.D. 1665, the 

manazil al kamer, i. e. the manfions of the 

moon of the Arabian aftronomers ; which 

^e fo called, becaufe they obferved the 

DM)on to be in or near one of thefe every 

Jiight, during her monthly courfe round the 

earth, to each of which the Arabian cha- 

wders are affixed. They may be of very ,x<^'" 

gteat uie to beginners to teach them tlie 

names of the ftars, as well as to mariners 

; for the fai»e purpofe ; who may have occa- \/ ; 

fion to obferve the diftance of the moon 

ftom a fixed flar, in the new method of 

<liicov«?iag the longitude at fea. They will 

iikewife fcrve. to (hew, how the moon pafles 

from ihur.to ftar in the courfe of one or 

iereral fights, which is a very curious and 

uieful amufement ;. and as they are a divi- 

E 2 fio« 



/ 



» ' 



52 jDeJcription and UJe of the 

jlion of the heavens different from any thing 
the Greeks were acquainted with, and there- 
fore not borrowed from them, and as wc do 
not know they were ever inferted on any 
globe befofe, we hope we have with pro* 
priety placed them on our new celeftial globe. 
See Coftard'j Hijl. oJAJlronomy^ p. 40* 

The broad paper circle B C on the 
fur face of the wooden frame which 

* • • » * . 

fupports the brafs m.eridiari 

97. Contains four cohccntric circuit 
fpaces. The inner moft of which is di- 
vided into 360 degrees, and numbered in- 
to four quadrants, beginning at the eaft 
and weft points, and proceeding each way 
to 90 degrees at the north and fbuth 
points ; thefe arc the four cardinal points 
of the horizon. The fecond circular 
jpace contains, at equal diftances, the 
thirty- two points of the mariner's compafi. 
Another circular fpace is divided intd twelve 
equal parts, reprefen ting the twelve figns of 
the zodiac; thefe are again fubdivided into 
30 degrees each, between which arc en- 
graved their names and chacaAers. This 

fpacc 
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fpace is connefted with a fourth, which 
contains the kalendar of months and days ; 
each day, on the new eighteen-inch globes, 
being divided into four parts, expreffing the 
four cwdinal points of the day, according to 
the Julian reckoning^ by which means the 
fun's plape is very nearly obtained for the 
three conqijnpn years after biflextile, and the 
intercalary day inferted without confufion. 
Whence we (derive the following 

PROBLEM I, 

To find the fun's place any day in the 

year on the broad paper circle, 

98^ Confider whpfher the year in which 
you feek the fun^s pUce is biflextile, or the 
firft, fecond, pr third year after. 

99. If it be the firft year after biflextile, 
thpfe divifions, to which the numbers for 
the days of the mpnth are afiixed, are th? 
rcfpedive days for each month pf that year 
at noon; oppofitc to which, in the circle 
of twelve figns, is the fun's place. 

100. If it be the fecond year after biflTex- 
tilc, the firft quiarter of a day backwards. 
Of towards the left hand, is the day of the 

E 3 month 
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month for that year ; againft which, aS be^. 
fore, is the fun's place. 

I o I . If it be the third year after biflfextile; 
half a day backwards is the day of l3ie 
month for that year, oppofite to wliith'h" 
the fun's place. 

I02. If the year in which you fdskdie 
fun's place is biflextile, then three quacrterff 
of a day backwards is the day of the month 
from the ift of January to the 28th day 
of February inclufive. The intercalary, 
or 29th day, is three fourths of a day to 
the left hand from the firft of Marcjh j and 
the firft of March itfclf is one quarter of a 
day forward, from the divifion marked i ; 
and fo for every day in the remaining part 
of the leap-year; againft each of which 
is found the fun's place. 

In this manner the intercalary day is very 
well introduced every fourth year into the 
kalendar, and the fun's place very nearly 
obtained according to the Julian reckoning. 
Thus: 

A. D. Son's place, Apnl 25* 

1769. firft year after biflextile 0:5^: 21/ 

1770. fecond 0:5^: 06' 

1771. third -*--•.-. O : 4^ : 55' 

1772. bifTextile --*---- O : 5^ : 35' 

One 



CeUfiial and T^errejirld Globa. ^^ 

• ©lie ufe of the bro*d paper circle is to 

diftiiigttifli the points ofthc horizon ; in dris 

cafe ^it i^prJifents the rattiohal horizon of any 

particular place, which is an imaginary great 

circle 5hfte fphere of Hie heavens, dividing 

the vifiHe from the tnvffible hemifphere. 

This is fuppcdfed to be parallel to a lefler 

circle, cffled the fenfible hori2joh, tvhofii 

plane insly be conceived to touch the furface 

of the globe at that place upon which art 

ob/crver ftands^, and to terminate his fight 

when he views the heavens round about. 

Tke e5rtcnt of the fenfible or vifible hori- 

2:on is greater ox, |efs, as w? ftand higher or 

lower. 

103. Another ufe we fliall make of this 
circle is io reprefent the cii'cle of illuminar 
tion, or that circle which fcparates day from 
iiight. 

A thir3 liie to which ^his circle may be 
applied, is to reprefent the plane of the 
cchptic. All of which (hall be ilhiftrated 
in their proper places •' 

tn all pofitiohs of the celeftial globe, this 
broad papet furface is the plane of the hori? 
2on, and diftinguiflies the vifible from the 
invifible part of the heavens. 

E 4 Note^ 
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Note, ^s thjs circle occafionally repre«« 
fents various great circles of the fphere, we 
have^ given it the name of broad paper circle, 
to prevent the reader from confidering it a$ 
an horizon, when it really reprefents th^ 
plane of the earth's illuminated difc^, &c^ 

The north-fide of the wooden frame 
ought to be placed direftly towards the 
north-fide of the heavens, which is readily 
done by the mariner's compafs under our 
new globes. 

The ftrong brafs circle, ox meridian^ 

NZ^SN. 

1 04. There are two notches in the broad 
wooden circle (art. 97.) upon the plane of 
which the broad paper circle is placed, which 
receive the ftrong bfafs circle : the body of 
the globe, being fufpended at tv^ro oppofite 
points in this circle, turns round therein on 
its iron poles, one of which N reprefents the 
north, and the other S the fouth pole. 

105. One fide of this ftrong brafs circle 
is graduated into four quadrants, each con7 
taining 90 degrees. The numbers on two 
of thcfe quadrants increafe from the equa- 
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tor towards the poles; the numbers oh the 
other two increafe from the poles towards 
the equator, 

*f T^e rea^n >vhy two quadrants of the 
^f meridian are numbered from the equator^ 
^' and the other two from tlie poles, is be* 

<* caufe the firft of 'thefe two fhew th^ 

* 

^* diftan^^ pf any point on the globe from 
** the ^ugtor or equinodtial, and the other 
^^ fcrvc^ to elevate the globe to the latitude 
*^ of any place." 

106. The flrong brafs circle of the celeftial 
globe is called the meridian, becaufe^the 
fup's center is diredly oppofit? thereto a( 
ftppn. 

107. On the ftrong brafs circle of our 
jicyr terrieftrial globe, and about 23 ^ de- 
grees on each fide of the north pole, the 
days of each month are laid down accordr 
ing tQlIxe fun's declination. If any day of 
the mpnth h placed, in |he plane of t)ie 
horizon, it will fhew th? fun's declinatio|i 
for that day upon the other fide of the brafs 
meridian ; and this brafs circle is fo con- 
trived, that the globe may be placed in the 
pofition of a dired: or right fphere, (which 
is, when ^e north and fouth poles are placed' 

m 
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in die plane df the broad paper circle) 'asS 
<fllib that the fouth polfe may be elevated 
above the plane of the broad paper furfacew 
tvkh as much eafc as the north pole. A 
circumftance which we thought not un- 
worthy of our attention in the conflruxftioii 
CflF otir new globes. 

' 108. The graduated fide of the ftron^ 
Isf afs circle, encompafiing our new terreftrial 
'^dbe, faces the weft ; bdng moft agreeable 
to* the real diurnal motion of the eai^, 
^)yhich is from weft to eaft. 

'1 09. But that which furrounds the cc- 
leftial globe, faces the eaft, as the apparent 
diurnal motion of the heavens is from eaft 
to Veft. 

110. In all inclinations of either globe, 
the nc^th pole fhould be directed towards 
the north point of the heavens, ^hich the 

" tnatiner's compa& at M, placed under each 
<>f'the globes^ will enable us todowit;h the 
greatcft readinefs* 

The horary circle. 

111. We ufe no other circle to meafurc 
the hours and minutes of time^ but the 

equator^ 
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equator, upon the furface of either globe ; 
ft being not only the mofl: natural, but 
the largeft circle that can poffibly be 
applied for that purpofe. This is done 
by a femi-circular wire M F placed in the 
plane of the equator, carrying two indices, 
placed, one on each lide of the meridian, 
one of which I is occafionally to be ufed to 
point out the time. 

As the firft meridian in our new globes 
pa/Tcs through London, it therefore becomes 
the XII o'clock hour circle ; and this falls 
upon the interfeftion of the equator and 
ecliptic at the firft point of Aries ; the 
other Xllth hour circle pafTes through the 
oppofitc interfeflion at the firft point of 
Xiibra. 

Remember, when the globe fliall be 

Xiereafter rectified for London, or any other 

j)lacc, on the fame meridian with it, that 

ihen the graduated fide of the ftrong brafs 

Jneridian is the horary index itfclf. 

It may happen, that the globe Oiall be lb 
redlified, as that the two points of XH o'clock 
will fall in, or fo near, the eaft and weft 
points of the broad paper circle, that neither 
of the horary indices can be applied thereto; 
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in jthis cafe bring the horary index as near 
as.poflible^ and make an allowance of a 
few minutes • 

112. The hours andminutes are graduated 
below the degrees of the equator on either 
globe; and as 

113. The motion of the terreftrial globe is 
from weft to eaft, the horary numbers increafe 
according to the direction of that rnotion. . 

114. The motion of the celeftial globe 
being from eaft to weft, the horary num- 
bers increafe in that direction. 

the thin brafs femi-circle NHS. 

1 1 5. This turns upon the poles of the 
globe, and may be called a proper or a 
moveable meridian. It is graduated each 
way to 90 degrees from the equator to 
either pole. 

116. To this femi-circle on the new ce- 
leftial globe, fig. 25. is fitted a fmall thin 
brafs circle H, about half an inch diameter, 
which Aides from pole to pole ; when we 
confider the. fun's apparent diurnal motion, 
we pall it an artificial fun. 

1 17. But to the thin fenii-circle applied 
to ^^ new terreftrial globe, fig. 1 . is fitted ^ 

ifmaU 
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*3nall thin circle H, about two inches dio- 

»ncter, that Aides from j)ole to pole ; which 

is divided into a few of the points of the 

mariner's compafs, and is called a terreftrial 

or vifible horizon. 

The brafs quadrant of altitude Z A 
118. Is a thin narrow flexible flipof brafs, 
that will bend to the furface of the globe; it 
has a nut with a fiducial line upon it, which 
may be readily applied to the divillons on the 
ftrong brafs meridian of either globe ; one 
of its edges is graduated into 90 degrees, 
and continued to 20 degrees below the hori- 
zon. Upon the terreftrial globe, itsufe is to 
ihew the diftance of places ; and when ap- 
plied to the celeftial globe, it fliews the 
diftance between two ftars. If fixed to the 
zenith or pole of the horizon, it fiiews the 
altitude of any point upon the globe, 1 its 
graduations being numbered upwards from 
the horizon to 90 degrees, and downwards 
to 20 degrees for the depreffion of any ce- 
kftial objeft. It will reprefent any vertical 
circle paJTing through the pole of the hori- 
'zon, in its motion round the zenith point, as 
well as the prime vertical, which paflcs 
through 
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through the eaft and weft points of th 
Jiorizon. Upon both globes it occafionallyl 
ihews the diftance of every fecondary to the J 
horizon ; and has other ufes, which will baj 
hereafter fhewn. 

119. Note-, ivhai we fpeak of brhjging ' 
any point or place to the ftrong brafs meridian^ 
we mean that it f.'ould be brought to its gra- 
duated fde, lahich is properly the meridian. 

Alfo^ when nve fpeak of bringing the m(n 
tihie meridian, quadrant of altitude, sr ai^ 
ether thin flexible circle, to any point or place u 
-tiee mean that their graduated edges fxiuld i 
'brought to that point, or place. 

Of the feveral circles defcribed upoi 
the furface of each globe. 

lao. We may imagine as many as w< 
pleaie upon the furface of the earth, and' 
conceive them to be extended to the fphere 
of the heavens, marking thereon concern 
circles. 

121. The planes of all great circles pais 
through the center, and divide the globe into 
two equal liemifpheres : a fmall circle di- 
vides the furface of a globe into two unequal 
parts i 
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parts ; all circles aoe fuppoied to be divided 
into 360 degrees. 

We ihaU b^in with die defcription of 
the equator^ this being the moft eminent 
great circle on either globe. 

The equator or equinoftial JE I (^ 

122. Is 90 degrees diftant from the 
two poles of the globe ; and is {q called, 
becaufe when the fun appears to.pafs ver- 
tically over this circle, the days and nights 
are of an equal length to all the inhabitants 
of the earth. 

123.. The plane of the equator pafles 
through the middle of the globe at right 
angles to the polar axis. 

On our new globes it is graduated into 
360 degrees $ upon the terreftrial globe, the 
numbers increafe from the meridian of 
London weftward, and proceed quite round 
to 360. 

124* They are alfo numbered from the 
fame meridian eaftward by an upper row 
of figures, for the eafe of fhofc who ufe 
the EngUfh tables of the latitude and longi- 
tude of places. 

125. On 
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125. On our new celeftial globes th* 
equatorial degrees are numbered from the 
firft point of Aries eaftward, to 360 de- 
grees. : . ^ :' 

126. Clofe under the degrcies, on either 
globe, Is graduated a circle of hours and 
minutes. 

1 27. On. the celeftial globe, the hours in- 
creafe eaftward from Aries to XII at Libra, 
where they begin again in the fame direc- 
tion, and proceed ^o XII at Aries. 

iizS. But the horary numbers under the 
equator of the terreftrial globe, increafe by 
twice twelve hours weftward, from . the 
meridian gf London, to the fame again. 

129. In every pofitipa of the globe, ex- 
cept that of a parallel fphere, the plane of 
the equator cuts the eaftern and weftern 
points Qf the broad paper cif cle, when con- 
fidered either as an horizon, the ecliptic, or 
circle of illumination. 

And as the globe is turned about, it al- 
ways keeps to one point of the ftrong brafs 
circle, , in which, as hath been obferved, the 
degrees are numbered both ways from the 
equator, that the diftance of latitude north 
or fouth of any point on the furface of 

the 
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the globe may be more eafily computed. 
Whence arifes the following 

PROBLEM 11. 

To find the latitude of a place. 

130. Bring the place to the graduated fide 
of the ftrong brafs meridian ; the degree it 
then cuts (hews its diftances from the equa- 
tor, which on the terreftrial globe is called 
latitude. 

Thus London has 51 deg. 32 min. of 
north latitude; Conflantinople, 41 deg. of 
north latitude ; Quebec, in Canada, 46 deg. 
^^ min. of north latitude; and the Cape of 
Good Hope, 34 deg. fouth latitude. 

PROBLEM III. 

To £nd all thofe places which have 
the fame latitude with any given 
place. 

131. Suppoie the given place London; 
turn the globe round, and all thofe places 
which p^ under the fame point of the flrong 
brafs meridian, are in the fame latitude. 

F PRO- 
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I 

PROBLEM IV. 

To find the diiFerence of latitude 
between any two places. . 

132* Suppose London and Reme» ^nd 
the latitude of each place by prob. u.- aift» 
130. Their difference is the anTwerb .- 

f • 

PROBLEM V. \' 

To Hnd the declination of the iyxfiit 



t r 



i33» Firft^ On cither glot>e for the fttn'i 
declination, find his place in the ecUpliic bf 
prob* i* art* 98, &c. Then bring that point 
of the ecliptic line upon the globe under the 
ftrong brafs meridiant and the degree which 
it cuts is the fun*s declination for ^diac dAy« 
Or, 

Upon the terre/lrial globe^ that parallel 
which paiTes through the point of the ecfip* 
tic anfwering to the day of the mcSoth, 
will (hew the fun's declination, cfoftAifilbi; 
the number of parallels from the €i|tiiitcNr* 
Alfo, 

On 
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On the cdeftial globci feek the day of the 
tnonth clofe under the ecliptic line itfel?i 
Ugainft which is the fun'^ place; bring that 
point under the ftrongbrafs meridiaui and 
the degree that ilands Over it is the fun's der 
clination for that day^ Thus on the 23d of 
May the fun's declination will be about 20 
deg. 10 min. and upon the 23d of Auguft it 
will be 1 1 d^i 1 3 mini 

For the decliiiaf ion of any ftar. 

/I ■■ ■ 

1 34* ScQondlyj Bring the ftar to the^ftrpng 
brafs nfieridian on the celefti^al globe^ and tba 
degree it ftands und^r is its.diilancp^ from 
the equator^ and this diftance is called the 
ftar's declia^ion^ ^hidi may be pither north 
or fbuth^ according to the fide of the equa-^ 
tor on which the ftar is fituated* 

Thus the 4e^liiiatidn dF the ftar Arfturus, 
marked ^ i|i the cqnft^Uation Bootes^ has 
abovt ^o dee^ 30 jnin. north declination ^ 
mxd diat of Sjrips in Canis M^or, pr the 
Dog^fip^ .marked a^» has about 16 deg. ' 39 
min. foi)th. declination. . ^ 

135. Henc;e we fee^ that the latitude of 
places om the earth, and the declination of 

Fa the 
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the fun and ftars, &c. in the Heavens, have 
but one idea, the meaning of which is no 
more than their diftance (either of places on 
the terreftrial, or of the luminaries in the 
celeftial fphercs) from the equator. 

The latitude of a fixed ftar always con- 
tinues the fame, but that of the fun, moon, 
and planets, varies. 

136. Thofe ftars, whofe declinations Me 
equal to the latitude of any place upon the 
earth, arecalled correipondents to that place J 
and pafs once in every 24 hours vertically to 
theinhabitants of fuch latitude: thatis,thofe 
flars appear in their zenith, cir are diredly 
over their heads. Hence the folloviring 



'* PROBLEM VI. ^M 

To find what ftars pafs over or neany 

over the zenith of any place, 

137. Find the latitude of the place by 
prob. ii. art. 130. upon the terreftrial globe, 
which is the diftance of that place from the 
equator; then turning the celeftial globe, 
all thofe ftars which pafs under the ftrong 
brafs meridian at the fame diftance from the 
equator, will pafs direilly over the heads 

of 
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of thofe inhabitants^ and therefore become 
celeftial correfpondents to all thoie who live 
under the fame paraHcl of latitude^ 

Thus the ftar marked y of the fecond 
magnitude in the head of the dragon is 5 1 
deg. 32 min. diftant from the celeftial 
equator^ fo alfo is London at the fame dif- 
tance from the terreftrial equatpr : therefore 
the declination of this flar is equal to the 
latitude of London^ and confequently it be- 
comes our celeilial correspondent. 

The ftar marked « pf the fecond nnagni- 
tude in Perfeus's fide called Algenib, pafles 
over the zenith of thofe inhabitants in France 
who live 14 min. of one degree fouth of 
Paris; it alfo pafTes nearly over the zenith 
of St. George's Bay in Newfoundland. 

Celeftial a,nd terreftrial meridians 

138. Are great circles drawn upon the 
globes from one pole to the other^ an^ 
crofling the equator at right angles. Upon 
our new terreftrial globe there arc twenty- 
four of thefe meridians, which are alio hour- 
circles, being 1 5 degrees from each other. 

Thus 1 5 degrees on the equator is equal to 
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onebour, and each fingle degree equal to four 
minutes of time. Only four meridians which 
are alfo called colures, are drawn upon the 
furface of the celeftial globe. 

139. There are no places on the furface 
of the earth, or fpaces in the apparent fphere 
of the heavens, through which meridians 
may not be conceived to pafs ; confequently 
all points on the terreftrial or celeitinl fpherei 
have their meridians. So that they only 
{properly fpeaking) live under the fame me- 
ridian, that are under the fame femi-circle, 
on the iame fide of the poles. 

This variety of meridians on the globes is 
fupplied by the thin brafs femi-circle, which 
being moveable about the poles, may be fet 
to every individual point of the equator. 
Whence we call it a moveable meridian, 
art. 115. 

140. All thofe halves of great circles, that 
are drawn from pole to pole, are the meri-r- 
dian:i of thofe places through which' they 
pafs, and being perpendicular to the plane of 
the equator, are called fecondaries thereto. 

141. One of thefe meridians on our new 
terreftrial globe pafles through London, and 
is called a firft meridian ; becaufe from that 

poir 
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point which is marked T , where it crofles 
the equator, the degrees of longitude, as well 
as the hours and minutes of time, begin. 

The oppofite meridian to this croffes the 
great Paciiic Ocean, and paiTes through the 
£ril point pf Libra, marked ^ upon the 
g;]obe. 

This meridian is graduated from pole to 
pole, and its numbers increafe from the 
equator each way to the pole. One parti- 
cular ufe to which it may be apphed, and 
for which it was at firft defigned, is to folvc 
fome of the cafes in fpherical trigonometry 
with eafe and propriety, as will be fecn 
hereafter. 

Some geographers make their firft meri- 
dian pals ihfoiigh the ifle of Fer, or Ferro. 

PROBLEM VII. 
To find the longitude of a place. 

142. The longitude of any place is that 
point or degree upon the equator, which is 
croffed by the meridian of that place, reckon- 
ed from a firil meridian. 

Bring the moveable meridian to the place, 
and that degree on the equator which it cut?. 



y2 Defcriptien and life of the 

is its longitude from London, in degrees, 
and minutes, or that hour and minute is its 
longitude exprefled in time. 

Or if we bring the place to the ilrong 
brafs meridian, that will cut the equator in 
the longitude as before. 

Thus Bofton in New England is about 
70 i degrees weft of London; Cape 
Comorin in the Eaft Indies 282". weft 
of London ; or the longitude of the firft 
place expreffed in time is 4h. 42 min. of 
the fccoiid i8h. 48 min. 

1 43 . The method of reckoning longitude 
always weftward from the firft meridian is 
moft natural, becaufe it is agreeable to the 
real motion of the earth j 

But the common method is to reckon it 
half round the globe eaftward, and the other 
half weftward from the firft meridian, end- 
ing either way at 1 80 degrees. 

Thus Cape Comorin is 78 degrees eaft of 
London. 

Note, the numbers neareft the equator 
increafe weftward from the meridian of 
London quite round the globe to 360, 
over which another fet of numbers is "en- 
graved, which increafe the contrary way, by 
wliich 
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nvhich means the longitude may be reckoned 
tipon the equator either eaft or weft. 

144. It is mid-day or noon to all places 
in th? fame meridian at the fame time. 

Thus London, Oran, Cape Coaft-caftlc 
in the Mediterranean, and Mundfort on the 
Oold-coaft, have their noon nearly at the 
fame time j Bofton in New England about 

4 h. 42 min. later ; and Cape Comorin 

J 8 h. 48 min. later. . 

145. The difference of longitude of any 
two places, in the quantity of an angle at the 
pole made by the meridians of thofe places; 
which angle is meafured upon the equator. 

To exprefs this angle upon the 

globe 

146. JBring the moveable meridian to one 
of the places, and the other place under the 
ftrong brafs circle^ they then contain the 
required angle ; the meafure pr quantity of 
which is the number of degrees counted 
on the equator between thefe two braft 
meri4ians. 
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PROBLEM 

To find what places have mid-dgiy/ 
or the fun, upon their meridian, 
at any given hour of the day in 
any place propofed. 

147. .Firft, Let the hour propofed be 
o'clock in the morning at London. 

As tlie real diurnal motion of the earth, 
here reprefented by the terreftrial globe, is 
from weft to eaft. 

All places to the eaihvard of any parti- 
cular meridian muft neceflarily pafs by the 
fun, before the meridian of any other place 
to the weftward of that particular meridian 
call arrive at it. 

148. And therefore as the firft meridian' 
on our new terreftrial globe pafles through 
London, if the propofed place be London, 
as in this cafe, bring the given hour, which 
is placed on our globes, to the eaft of Lon- 
don if it be in the morning, 
pf London if it be in the al 
graduated fide of the ftrong 
and all thofe places which lie direilly u^di 
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it, have noon, or the fun, upon their meri- 
idian, when it is X o'clock at London. 

Thus having brought the Xth hour oa 
the equator to the eaftward of London un- 
der the divided fide of the ftrong brafs 
meridian, it will be found to pafs over the j 
caftern fide of Lapland, and the eaftern ex* ' 
tremity of the gulf of Finland, Peteriburgh 
in Rufiia, to crofs a part of Moldavia and ' 
the Black Sea, thence it paffes over a part of ' 
Turkey, and goes between the iflands of 
(Candia and Cyprus in the Mediterranean, 
thence over the middle of Egypt through 
|he caliern fide of Africa, and acrofs the bay 

f Lorenzo j all which places have the fun 
pa their meridian when it is X o'clock ia | 
^e morning at London. 

49. Secondly, Let the hour propofed be 
^V o'clock in the afternoon at Port-Royal 
in Jamaica. 

Bring Port-Rpyal in Jamaica tp the ftrong 
fcrafs meridian, and fet the horary index to 
that XII which is moft elevated j then turn 
the globe from weft to eaft, until the horary 
index points to IV o'clock, and the ftrong 
)rafs meridian will pafs over the weftern 

ide of the iflc Pafares in the Pacific Ocean, 

' " ^i 
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ahtiF ffic caftern fide of the ifle La Mcfli^ 
thence it crofTes the equator^ and pafles 
nearly over the iflandsMendoca and Domi- 
liica, which places have the fun on their 
meridian when it is IV o'clock in the aftcrr- 
riiK)n at Port-Royal in Jamaica. : 

'fj^. Thirdly, let the propofed hour be 
30txiin. paftV o'clock in the morning at 
Cape Pafaro in the ifland of Sicily. 

firing Cape Pafaro to th^ ftrong ferafs me- 
ridian, fet the horary index to that XII 
\^hich is moft elevated, and turn the globe 
weftward, becaufe the propofed time is in 
the nioming, till the horary index points to 
5^h. 30 min. and you'll find the ftrong brais 
meridian to pafs over the middle of Siberia, 
Chincfe Tartary, the kingdom of China, 
Canton in China, the middle of the ifland of 
Btffneo, &c, at all which places it is noon, 
(they having the fun upon their meridian ^ 
thie fame time) when it is half an hour paft 
V o'clock in the morning at Cape Pafaro in 
Sicily. 
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PROBLEM IX. 
To find what, hour it is at any place 
propofed when it is noon at any 
' given place* 

151. Bring the propofed place under, the 
ftrong brafs meridian^' and iet the horary ixv- ^ 
dcx to XII, then turning the globic,. bring 
the given place to the merJudian, ^nd thphour 
required will be ./hewn hj. the hocajy^ ij^diPX 
upon the. ejquator . If. the propofed place ^e 
to the e^ward. of the given places ; the 
anfwer "will l?e afternoon $ but if to the weft? 
ward iof it, the anfwer'is. before nocjii^^ .» • • 

Thus when it is noon at London, it Is 40 
minutes p^ XII at Rjoo^e,^. and. 32 nufiutes 
paft VII in ^e e^veninjg;^ at Canton in .Chinai 
aad aMb,i5,niinutes psiftYII o'clock, ji^j^c 
morning at Quebec in Canada, and thl$ at 
one and the fame inflant of time 
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PROBLEM Xi 
At any given time of the day in tli^ 
place where you are^ to find the 
hour at any other place pi<>pof€d« 

152. Bring the pr©pic^d pkdc ilndbr thd 
Krorig brafs meridian, and fet thehtttary iri-» 
iiex to the given titiie ; then tui*- die ^h6 
till the place Where you are iisiindd? the 
ferdb meridian^ alid the horaiy indeii^'wHl 
point io the hour and minute rd(|ui)^6d^ ' 
;'Thiis ftoppofd we arfe at London ikiSL 
o^clobk in the nvorning, what tim^ of the day 
is it then at Canton in China ? Ahf«rer, '^i 
tdinutes paft IV in die afternoon. 

Alfbr; when it is IX in the ekrenihg at 
Lpntlon/it is about 15 minut6^ pis^IV 
6't:!l6ck in the afternoon at QaebieC in Ci* 
nada/ ' ' 
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PROBLEM XI. 
!'he latitude and longitude of any 
place being known, to find cha.t 
place upon the globe ; or if it be 
not inferted, to find its place, and ' 
fix the center of the artificial 
horizon thereon, 

153. The latitude of Smyrna in Afia is ' 
38 deg. 28 min. north, its longitude 27 I 
(fcg. 30 min. eaft of London. 

Bring 27 deg. 30 min. on the equator ( 
counted cafhvard of our firft meridian to ] 
%he ftrong brafs circle, and under 38 deg, 28- 
min. on the north fide of the equator, you 
'ill find Smyrna. 

The latitude of Cape Lorenzo in Peru is 
1 deg. 2 min, fouth, and longitude 80 deg- 
ly min. weft of London : this place is not I 
inferted upon the globe. Therefore bring 
the graduated edge of the moveable meridian 
1 deg. 17 min. counted weftwM-4 on 
«he equator, and Aide the diameter of iht 
artificial horizon to i deg. 2 min. fouth j 
Es center will be corrcftly placed ott 
that 



rSo . D'e/cri^tmattdXIfe rf the 

that poiiit of th6 globe, where the Cape of 
Lorenzo ought to have been placed. 
/^..The four. feiV problems. depend entirely 
j^\m the knowledge -of the longitude and dif- 

ference of longitude of places • • 

*' * ' • " II • • ♦ • . I 1 • . , ' 
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The etliptic E L 

i ' ^ " .* ' A *' J ' « 

I J4^ Is that graduated circle which crofles 
the equator in an angle of ^iboiit 2 3 i de- 
grees; and this^ angle is called the obliquity 
"of the ecliptic. . 

• This circle is divided into 12 equal parts, 
each of which contains 30 degrees; the .be- 
ginning of each 1 2 th part is marked with 
the lifual chara£lers> which with their names 
are as foUovv : . 



4 «« 



6 i 2 3 456^ 

Aiie$^ Taurus, Gen\iai, Camrer, Leo, VirgOj^ Libra, 

"to! ii , s fl, n? ^ 

Scorpio, Sagittarius, Capricomus, Aquarius, Pifces. 



By thefe the twelve figns are reprefbnted 
uppn the terreftrial globe. Upon our ce* 
leflial globe, juft under the ecliptic, the 
months, and days of each month, are gra« 

duated. 
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iduated/ for the ready fixing the artificial fiin 
opon its place in the ecliptic. 

The fun's apparent place is always in this 
icircle; he advances therein every day about 
59 min- 8 fee. of one degree, and feems to 
pafs through it in a tropical year. 

155. Thofe tveo points, where the eclip- 
tic crofles the equator, are called equinoc- 
tial points, and are marked with thefe cha- 
radlers T and ^ at the beginning of Aries 
and Libra. 

The firft of thefe is called the vernal, the 
iecond the autumnal, equinox. 

i 56* The firft degree of Cancer and Capri- 
oorn is marked with the charadlers S and 
^, which tvro points are called the folftices ; 
-the firft is the fummer folftice, the fecond 
tthat of die winter, to aH inhabitants up6n 
^^c north fide of the equatoi- ; but diredlly 
^^rontrary to thofe on the fouth fide bf it. "\ 
Although the ccKptic does not projfierfy 
l)clong to the earth, yet wV have placfed it 
"upon Our terreftrial globe according to ah- 
<ient tiiftora 5 it being ufeful in fome piarti- 
<:ular cafes; it is chiefly to be regarded upon 
«he cclcftial globe. 

G 157. The 
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1 57. The longitude of the ftars and planets 
is reckoned upon the ecliptic ; the numbers 
beginning at th? firft: point of Aries T , where 
the ecliptic crolTes the equator, and increafing 
according to the order of the figns. 

158. The latitude of the ftars and planets 
is determined by their diftance from the 
ecliptic upon a fecondary or great circle 
paflihg through its poles, and crofling il 
right angles. 

1 59. Twenty -four of thefe circular li 
which crofs the ecliptic at rightanglcs, being 
fifteen degrees from each other, are drawn 
upon the furface of our celeltial globe j 
which being produced both ways, thofe on 
one fide meet in a point on the northern 
polar circle, and thofe on the other meet ill 
a point on the fouthcrn polar circle. 

160. The points determined by the meet- 
ing of (hefe circles are called the poles (rf 
the ecliptic,, one north, the other fouti 

161. The longitude of tlie flars hath 
obferved to increafe about a degree in jz 
years, which is called the preccffion of the 
equinox. 
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The celeftial figns and conftellatioia I 

162. On the furface of the celeftial globe ' 
arc rcprefented by a variety of human an4 
■other figures, to which the ftars that are ' 
■cither in or near them, are referred. 

The feveral fyftems of ftars, which are , 
applied to thofe images, are called conftel- ' 
lations. Twelve of thefe are reprefented oit } 
the ecliptic circle, and extend both north- 
ward and fouthward from it. So many of j 
thofe ftars as fall within the limits of 3 de-^ 
grccs on both fides of the ecliptic circle 1 
tcgetlier with fuch parts of their images as | 
are contained within the aforefaid bounds^ 
conftitutc a kind of broad hoop, belt, or 
girdle, which is called the zodiac. 

The names and the refpeftive charaders 
of the twelve figns of the ecliptic may be 
learned fay infpetJilion on the furface of the 
broad paper circle ; aiid the conftellatlons 
frpin the globe itfelf. 

165. The zodiac is reprefented by-eight 
ciri^es parallel to ^e ecliptic, on each fide 
ibereof i thefe circles arc one degree diftant 
G 2 from 
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from each other, fb that the whole hreadth 
^($l9ar>^^dhw is, i6.i4egpni: ; . t; -iv, . .".. 

1 64. Amongfl thefe parallels, the latitude 
0^(tl|^'|>lftttbt8 h reckoned ; arid in th^ kp- 
fej^rft ittfetion'they nfevfer ekcfecd thelKmits 

165. -Od ■*aeh fide- bf ^9ie" zddiac; ■ i& wafc 
obiWvedjbtltefcoiiftdraiibnsate difHrigoifh- 
ed; thoi^bn the no^iide are bdled nc^* 
them, ^d thofe oh the fotith fide of it, 
ibUthe^A ^dftellatioFfe; - ' ^ • - - 

X66v All the^ ftaris which cbm^e thiere 
cotiileIktidn$9 areTopjpo&'H to iiicreiafe their 
longicudW continuAlly'j -upon which' fuppCK 
fiti»nv*fhe whdleftariy fifkamisnthds Aflefw 
motion* irbth Weft «o edl- ififiktfiidi that 
thefirft flar in the toriftellaticA ^f Aries, 
which appeared ih* the Vernal ihtcrfedioh of 
the eijuator^nd eclij^ticin'the timeof Meton 
tbe'AtheMiHn, up^af<te of -i^oe yfears ago, 
is now reitioved ^out j^'^egtees ffbh^ it, 

To'1-epftSfent this hitotiiSS tipon the celcf- 
tial globe, elevate the lio^th i^le^,ib'thiatits 
^^- may: be perpendicukr to the plane of 
thit broad :paper circle, dhd^th&'-tfi^tiitoi'^^M^ 
then> be in ^e-fame plafi^-^ let tiiefe' tt^^ 

' • ' fent 
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int.tbe ecliptic, and then the poles of the, 
dobe will alio reprefent thole of the eclip— 4 

the ecliptic line upon the globe will a^ 
the fame time reprefent the equator, incliqeil \ 
in an angle of 234 degrees to. the brp^ \ 
paper circle, now. called the ecliptic, andj ,| 
cutting it in two poipts, ^vhich are called 

■ the equinoi^lial interfedtions. 
Now if you turn the globe flowly rpun^ J 

Upon its axis from call to weft, whil? it \% \ 
I this pofition, thefe points of interfqdioH 
rill move round the lame wayj aild the in- , 
^ination of the circle, which in Ihqwing tbi^ 
notion reprefents the equino(5Ua], wi^l not 
be altered by fuch a revolution of the inter ■?-; 
feding or equinodlial points. This motioii- 

■ is called the precefiion of the equinoxes, 
caufe it carries the eqpinotflial points 

BcJcwards amongll the fixed ftars. 
I'' The poles of the world feem to defcribe 1 
t circle from eaft to well, round the pole'i j 
f-ofthe ecliptic, arifing from the preceffion | 
1 iDf the equinox. This motion of the poles 
is ea01y reprefented by the above pofition 
of the globe, in which, if the reader 
remembers, the broad paper circle re? 
I prefents the ecHptic, and the axis of the 
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globe being perpendicular thefeto reprefei»(» 
the axis of the ecliptic j and the two points* 
where the circular lines meet, defcribed iH 
art. 159, 160. will now reprefent the polM 
of the world, whence as the globe is flowly 
turned from eaft to weft, thefe points will 
revolve the fame way about thfe poles of the 
globe, which are here fuppofed to reprelent 
ihe poles of the ecliptic. The axis of the 
world may revolve as above, although its 
fituation with refpedt to the ecliptic be not 
altered ; for the points here fuppofed to re- 
prefent the poles of the world, will always 
keep the fame diftance from the broad paper 
circle, which reprefents the ecliptic in this 
fituation of the globe*. 

1 67. From the different degrees of bright- 
nefs in the ftars, fome appear to be greater 
than others, or nearer to us : on our celeftial 
globe, they are diftinguiihed into fevcn dif- 
ferent magnitudes. 

Generalphoenomena arifing from the 
earth's diurnal motion. 

168. The daily rotation of the earth about 
its axis is one of the moft eflential points 

which 

■RuTHEKFORTH'sSyfteiaof Nat.PhU. Vol.II. p-73?. 
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"which a beginner ought to have in view ; 
for every particular meridian thereon is fuc- 
ccfllvely turned tow^ards every point in the 
heavens, and as it were defcribes circles in 
the celertial ipheres, perpendicular to the 
axis of the earth, and parallel to e:ich other; 
by which means the fixed ftars leem to have 
an apparent diurnal motion. 

i6g. Except thofe two points in the ftarry 
firmament, into which the earth's axis, fup- 
po/ed to be fo far extended, would fall; theft 
two points are called the celertial poles, 
which correfpond with our terreftrial north 
and fouth poles. 

170. We have fo contrived ournew globes 

; that the real diurnal motion of the earth 
and the apparent diurnal motion of the 
heavens are reprefented by them, art. 85, 86. 
and thence all problems folved as readily in 

I fouth as in north latitudes, and in places on 
bt near the equator : by which means we 
are enabled to /hew, how the viciflitude of 
days and nights, their various alterations in 
length, the duration of the twilight, &c. are 
really made by tiie earth's daily motion, 
upon the principles of the Pythagorean or 
Copernican fyftem. 

In 
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In fig. 26. iE N Q^ M reprefcnt the ap-» 
parent concave, fphere of the fixed ftars» 
as n q; s s the globe of the earthy whofe axis 
n s is fuppofed to be extended to N S^ in 
the fphere of the fixed ftars; all the ftars 
feexn to revolve upon thefe two points, as 
poles.; 

If the plane of the earth's equator xzqcas 
is. conceived to be extended to the ftany 
firmament, it will point out the.celeftial 
equator M ^ Q^Y M. 

N reprcfents the celeftial, and n the tcr- 
reikial north pde, S and s the ibuth pole, . 

• * ■ ■ ■ 

Parallels of latitude, declinatiop) tro- 
pics and polar circles. 

« 

t ■ • 

171. Fig. 26. That circle which any ftar 
feerns to defcribc in twenty-four hours, is 
called its parallel : thus, fuppofe a right line 
drawn from C the center of the earth, 
through any point d of its furface, and ex- 
tended to D in the ftarry firmament, by 
means of the earths daily rotative motion, 
the extremity D of the line CD will de- 
fcribe the celeftial parallel G x D x G, cor- 
relponding to the terreftrial parallel g d^ of 

the 
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tlie point d. If D C be fuppofed to be ex^ 
tended to H^ the oppofite fide of the ilan^ 
firmament^ it wiU defcribe another parallel 
equal to the former. 

Thofe circular lines upon the terrefbrial 
^lobes^ which are defcribed from the pcdes^ 
on either fide of the equator, are parallel 
to it, and are called parallels of latitude, but 
on the celeflial globe they are called parallels 
of declination. 

There are four principal lefTer circles pa* 
rallel to the equator, which divide the globe 
into five unequal parts called zones j thefe 
are the two trOpics, and the twa polar 
circles* 

We have already fhewn, that the diflaace 
of. any parallel from the equator^: meafured 
in the arch of a great circle oathe (errefhial 
iphere, is its latitude ; and on the cel^Aial 
iphere> its declination, art. 135. ; 

172. If the fuux gpioon, a fixed iiar, or 
fdanet, is fituated in any parallel betw<^ 
ihe equator M Q^ fig. 26. and the non^ 
pole N, it is J&id to have north declination; 
l>ut if towards the fouth pole S^ fouth de« 
cUnation^ 

Thus 
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Thus the two parallels G 1 
have the iame declination : becaufe they arc 
equally diftant from JE Q__the equator; the 
firft hath north, the laft fouth decl 
tion. 

Hence we muft obfervc, that a celcl 
parallel G X D, and its correfpondent g x d 
upon the earth, are two parallel circles, be- 
ing fimilar elements of a cone, whofe axis 
is that of the earth, and apex C, the center 
of the earth. Therefore the plane of a 
reftrial parallel cannot be the fame with 
correfpondent celeftial parallel ; only the 
plane of the celeftial equator M '^ Q^T /E, 
is the fame with that of the terreftrial a; z q, 
becaufe thefe two planes are produced by 
the fame radius C Q^ perpendicular to 
axis NS, on which the earth or the heai 
are fuppofed to turn. 

If by the earth's daily rotative motion, 
ftar D paffes over the zenith d of any in- 
habitant of the earth, that ftar is the ccl 
tial parallel, which correfponds to the 
reftrial parallel of the obferver; for the 
ftance of the celeftial parallel G D, contains 
the fame number of degrees from M Q^the 
celeftial equator, as that of the inhabitant's 
parallel 
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parallel gd does from xq the tetTCfWtil 
equator. 

Therefore the meafure of the arth of iny 
inhabitant's diftance from the terreftrial 
equator, which is called the latitude of the 
place, is fimilar and equal in the number of 
degrees, to that fixed ftar's declinatioPj which 
pafles over his zenith. 

If the inhabitant changes his fituadon 
either north or fbuth, the different declina- 
tions of thofe itars which pafs over his ze- 
nith, at the feveral places of his removal, 
will {hew his advance towards or regrefs 
from the equator. 

"Whence any place upon the earth may 
be reprefented by its correfponding zenith 
point, in the apparent concavity of the ftarry 
fphere; as (hall be hereafter (heWn. 

J 73. Uponournew terreftrial globe, there ■ 
are twenty-three parallels drawn at the di- 
ftance of one degree from each other, on 
both lides the equator; which, with two 
other parallels at 23-5^ degrees diftance, in- 
clude the ecliptic circlej thefe two are called 
the tropics. That on the north fide of thfc 
equator is called the tropic of Cancer j and 
tlic 
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tlic other, which is on the fouth lidc of 
the tropic of Capricorn. 

174. The fpace between thefe two 
pics, which contains about 47 degrees, 
called by the ancients, the torrid zone. 

The two polar circles are now placed 
the faine diftance from the poles, that the 
two tropics are from the equator. 
,, One of thefe is called the northern, 
other the fouthern polar circle. 

Thefe include 23 i degrees on each fide 
of their refpedive poles, and confequently 
contain 47 degrees, equal to the numbeijj 
degrees included between the tropics. 

175. The fpace contained within 
northern polar circle, was formerly called 
the north .frigid, zone, and that within 
the fouthern polar circle, the fouth frigid 
zone. 

176. The fpaces between either polar 
circle, and its neareft tropic, which contaip 
about 43 degrees each, were called by 
ancients the two temperate zones, 

177. Whenever any parallel paffes throuj 
two places on the terreftrial globe, thtfe 
places have the fame latitude. 
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Alfo all thofe ftars which are in the fame 
irallel upon the celeftial globe, have the 
jme declination. 

'■ And as the ecliptic is inclined to the equa- 
or in an angle of 23 t degrees, and is in- 
Juded between the tropics, every parallel 
n the torrid zone muft neceffarily crofs the 
diptic in two places; which two points 
(hew the fun's place, when he is vertical 
to the inhabitants of that parallel ; and the 
days of the month upon the broad paper 
iteirclc anfwering to thofe points of the eclip- 
tic, are the days on which the fun pafles di- 
t<n!y over their heads at noon, and are 
called their two midfummer days : whence 
Ae inhabitants of the torrid zone have two 
fijtnmers and two winters every year. ' - J 

Hence as the earth's progreffive, or rather 
i^parent annual motion, feems to be in the 
celeftial ecliptic, the fun's declination ts 
thereby changed gradually everyday. There- 
fore on our new terreftrial globe, as mcn^ 
in art. 1^3. we have drawn parallelsl 1 
be whole fpace of the torrid zone, an3 
he two fpaces within the polar circles, to 
pvc a general and dear idea of thefun's appa- 
Untpaffage from one tropic to the other. 

The 
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The colures 



on thi^l 



17S. Are circular lines drawn 
celeftial globe from pole to pole, (as meri- 
dians are upon the terreftrial globe) crolfing 
the equator at right angles, and being f^ 
condaries to it. Art. 140. 

179. The two celeftial meridians whi 
pafs thro' the firft point of T and ;=: making 
together one great circle, are reprefented by 
the circle B T K ^ B, in fig. 26. and arc 
called the equinodial colure. The points 
marked T and -^ are called the equino; 
or equinodllal points. 

180. The two celeflial meridians repi 
fented by the circle N i^ S QN, paffii 
through the folftitial points (marked Sj , 
vs) of Cancer and Capricorn, are called 
folllitial colure. 

i8r. Thefe colures cut each other 
right angles In the poles of the world, 
divide the celelllal equator, ecliptic, 
zodiac into four equal parts, which poj 
determine the four fea^ons of the year, 
art. 34 to 41. and ai;t. 1S7. 



:■ 



CeUpal mid ferre/irial Globes. 95 
The equinoftial colurc only pafles thro' 
J»e poles of the world at n and s. But, 

The Iblftitial colure palTes through the 
loles of the world at n and s, and alfo 
brough the poles of the ecliptic at B and K, 

Whence it happens in every daily rota- 
ion of the earth about its axis, that the 
i)lftitial and equinoflial colures are twice 
(lended with every meridian upon the fur- 
ace of the earth : confequently, each pole 
of the ecliptic appears to pafs, once every 
lay, over ail the meridians of the terreftrial 
phere. 

182. All thofe circular lines that are, or 
nay be fuppofed, drawn on the celeflic^ 
globe, which pafs through the poles, cutting ' 
Jie equator at right angles, are called circles 
af declination ; becaufe the declination of j 
Jiofe points or ftars through which they 
afs, or the diftance of thofe ilars from the 
quator, is meafured upon thefe circles : and 
this is done by bringing the divided edge of 
the moveable meridian to any ftar. 

Hence the thin brafs femi-circlet art. up I 
rhich we call the moveable meridian, is j 
jLfoa moveable circle of dedinapon. 

Araic 
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Ar<9:ic and antarctic circles, of 
circles of perpetual apparitiorj 
and occultation. 

183. The largcft parallel of latitude on 
the tcrreftrial globe, as well as the largeft 
circle of declination on the celeftial, that 
af^ears entire above the horizon of any 
place in north latitude, was called by the 
ancients the arftic circle, or circle of perpe- 
tual apparition. 

Between that ix&xc circle and the north 
pole in the celeftial fphere, arfe contained 
all thofe ftars which never fet at that place, 
and feem to us, by the rotative motion of 
the earth, to be perpetually carried round 
above our horizon in circles parallel to the 
equator. 

The largeft parallel of latitude on the 
terrcftrial, and the largeft parallel of decli- 
nation on the celeftial globe, which \% en- 
tirely hid below the horizon of any place^ 
were by the ancients called the antardic 
circle^ or circle of perpetual occultation. 

This circle includeis all the ftars which 
jnever rife in that place to an inhabitant 

of 
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?>f the northern hemifphere, but are perpe* 
tually below the horizon. 

All ardic circles touch their horizons in 
the north point, and all antardlic circles 
touch their horizons in the fouth point; 
ivhich point, .in the terreftrial and celeftial 
fpheres, is the interfedion of the meridian 
and horizon. 

If the elevation of the pole be 45 degrees, 
the moft elevated part either of the ardlic 
or antardlic circle^ will be in the zenith of 
the place. 

If the pole's elevation be lefs than 45 
degrees, the zenith point of thofe places will 
fall without its ardic or antardic circle. If 
greater, it will fall within. 

Tberefpre the nearer any place is to the 
equator, the lefler will its ardic and ant- <^lv:^;/ 

arftic circles be; and on- the contrary, the ^Ai^^'' 
farther any place is from the equator, the 
greater they are. So that, 

At the poles, the equator may be con- 
fidcrcd as both an ardic and antardlic circle, 
^caufc its plane is coincident with that of 
^c horizon. 

But at the equator (thatis,inaright fphere) 
*licre is neither ardic nor antardic circle. 

H They 
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9 8 Defcription and life of the 

They who live under the northern polar 
circle, have the tropic of Cancer for their 
aritic, and that of Capricorn for their ant- 
arflic circle. 

And they who live on either tropic, have 
one of the polar circles for their arftic, and 
the other for their antarfkic circle. 

Hence, whether thefe circles fall within 
or without the tropics, their diftance from 
the zenith of any place is ever equal to the 
difference between the pole's elevation, and 
that of the equator above the horizon of 

that plac9« 

From what has been faid, it is plain, 
there may be as many ardlic and antardtic 
circles, as there are individual points upon 
any one meridian, between the north and 
fouth poles of the earth. 

184. Many authors have miftaken thefe 
mutable circles, and have given their name^ 
to the immutable polar circles, which laft 
are ar<flic and antardtic circles, in one parti- 
cular cafe only, as has been (hewn. 
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The caufe of the daily change in 
the declination of the fun 

185. Arifes from die earth's annnal mo^ 
tion in die ecliptic, the inclination of its 
axis, afid its always moving parallel to itieif. 

Imagihe the plane of the earth's orbit 
extended as fa^ as the fixed ftars, it will 
there mark out the circle ®, ^^s, vs, T, s, 
which y^ call the celeifial ecliptic ; fee 
fig, 26. 

From this comparifbn of the earth's orbit 
with the ctleftial dcliptic, is denvid tK6 
ancient nide to find the fan's plac6, if wc 
firft find the 6arth*s place, either by obfcr- 
vatioh or calculation ; fix figns added to or 
fubftrad^ from it gives the fun's true place 
in the ^ipHc. Ccmfequcntly it ii the feme 
thing, when we confider the daily miodon 
of die i^ardi about her equatorial axb, re- 
pWfchtetl by the terreftrial gbbe, whethtt 
We fiip^bfe the earth, or die fufi, td have iA 
anhtnJ motion. 

li isf alfo the fame thing in the ufe of the 
celeftiat gfobe, whether we fuppofe th6 
garth to turn upon her equatorial aaSs, or 

H 2 the 
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the ftarry fphere to revolve upon the e3t* 
tfemities of the fame axis extended to the 
heavens : the refult in either cafe will oe 
the f^me, provided we conceive burlelves at 
the center of the globe. 
. i86. We fhall therefore fuppofe the fun's 
I apparent ;jannual nxotiou to be in the pUnp 
of the .celeftial ecliptic, art. 34 to 41. .apd 
inhispaflage through it, defcribing fcy a ray 
conned:ing the centers of the earth a^jd fun, 
a different circle of declination, par^lel to 
the equator every day. Whereby all who 
inhabit any of thofc places on- the earth 
which are fituated between the terreOxial 
tropic of Cancer reprefented in fig. 26. by 
S i e, and the terreflrial tropic of Capricorn 
reprefented by h, v^, have the fun at ihe 
tinie he is defcribing their parallel, in their 
zenith i or diredly vertical, or over their 
heads, which happens twice every year. 

187. Whence the inhabitants of thofc 
places, as well as. mariners who pafs be- 
twt;e;i the tropics, have a correfponding 
zenith point, where their latitude is ecpial 
to the fun's parallel of declination,, from 
the fun by day, and from the ftars by 
night.. 

It 
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It IS cafily conceived, that if the planes 
of the equator and ecliptic were' united 
in brie continued plane^ a central folar 
ray, connefting the centers of the earth 
and fun; would by" the earth's diurnal 
motion' defer ibe the 'cqaator every 'daty*; 
but, ^s We have before obferved,'th6 fon 
does apparently defcribe a differenf parallel 
every d^ty i wherefore the ecliptic and equa- 
tor ^arcf inclined to eaJGfh* other in* an* angle 
confirmed by obfervatioii of about'Sjdeg. 
29 min. ' r •» ; .y ! 

L^t'the fun's apparent annual riiotioil be 
reprefented by the circle ^» •=^> Y ,' S, fig: ±6, 
which biiTedls - the ccleftial equator 'M ^ Q^ 
T My in the points^ ^ and T /the fifft of . 
thefea&<?felled the autumnal, the fetontf ^the * 
vbrnai;' )^qiiin(>fliaEl poinfl ' ^ • j / / 

When! the funis ifl'^, he'iappeart^ to' 
defcribe the equator^ at which titiie htf 4i^^ 
no :deoli!nation ; and asf he -proceeds 'grit*{ 
du^ly-frpm -^, tQwards vs, his- fbiithfem ; 
declination continually increafes, andhe"^ 
defcribcs Icfsand'fei^^ parallels; till he 
appears, in v^, and defcribeaf the -tropic^ 
of Capricorn; being then at his-greateft^ 
foutherh. declination,, viz.^ at his greateft 

H 3 diftince 
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diflance from the equator Ibutherlyi 
alfo in the winter folflice. 

In pafling from V5 to T, his declinati 
decreafes, and the parallels he defcril 
are greater and greater, until he comes to 
Aries, or the vernal equinox, and ag: 
has no declination, defcribing the equ^l 
as before. 

As he advances from thence towi 
ffi, the declination increafes, and the 
rallels defcribed are lefs and lefs, until he 
arrives at s, or the fummer folftice j being 
then at his greateft northern declinatit 
defcribing the tropic of Cancer. 

Thence proceeding forwards towards 
the declination continually decreafes, and 
the parallels defcribed increafe till the fun's 
arrival at the next fucceeding autumnal 
equinox; where he again defcribes the 
equator, having no declination ; and com- 
pleats the length of a mean folar tro- 
pical year, containing 365 d. 5 h 
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- What we have faid with refpcfl to ft 
mer and winter folilices, is to be under- 
ilood with relation to thofc places which 
lie between the equator and the north polej 
but 
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iut to the places between the equator and 
fouth pole, the contrary happens. 

The ttvo equinoxes are the fame to all 
the inhabitants of the earth. 

We have been thus pafticular in our 

defcription of the fun's apparent antiual 

motion, for the ufe of beginners; and wc , 

hope this confideration will plead in our be* 

(half, if we ftiould appear tedious or trifling 

I to thole who are mafters of the lubjeft. 

Bat what has been faid, might yet be, 
fjore clearly illuftrated by an orrery or t, 
tellurian, which £hews the annual and diur- 
tal motions of the earth, and parallelifm of 
S axis, &c. and by the different pofitions 
^ the earth's axis, with refpeft to her en- 
lightened difc, will make it appear to tno 
eye as it is really underftood by aftronomersj' 
and then we may with more propriety repair 
t,9 (he ufe of the globe itfclf. 

[To fupply the want of a tellurian 

Defcribe a circle A B C D, fig. 8. 

rith chalk upon the floor, aS large as the 

I will admit of, that the globe may be* 

oved round upon it : divide this circle 

H 4 into 
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into twelve parts, and mark them wifh die 
charafters of the twelve figns, as they arc 
engraved in fig. 8. or upon the broad pa- 
per circle; placing 2d at the north, vs at 
the fouth, T in the eaft, and - in the 
weft : . the mariner s compafs under the 
globe will direcft the fituation of thefe points; 
if the variation of the magnetic needle kit 
attended to. 

Note, at London the variatic^fl'is be- 
tvveen 20 and 2 1 degrees from tbfe north 
weftward. - ' - ••• ' 

Elevate the north pole of the gldbfeV^'fi* 
that 664 degrees on the ftrohg fei-dfs nidti- 
dian may coincide with the furfaceof thtt 
broad paper circle, and this circle will then* 
reprefent the plane of the ecliptic, as men- 
tioned in article io3, * 

Set a fmall table or a ftool over th6 center 
of the chalked circle to reprefent the fun^ 
and place the terreftrial globe upon its cir- 
cumference over the point marked v^, with 
the north pole facing the imaginary fi;in, 
and the north end of the needle pointing to- 
the variation: this is the pofitipn of the 
Qarth with refped to the fun at the time of 
the fummer folftice about the 21ft of June : 

and 
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-find' the earth^s axis, by this redifida^tioft^df 
• the globe, is inclined' to ' the plan^ of the 
large chalkcii Citel^/ at$' W^U as 16 thS plai*5 
of the broad' paper cird6, in an angle of ti^\ 
degrees; a -line or ifeii^g paffihg-froto^ the 
^center of the imaginliry fun to that of thjb 
globe, will reprefent' a central folarray con- 
ne<9arig the centers of iht eai'th audfoni this 
ray will 'falf upon the^^fft point cjf CancW, 
-and deicribe dhat circlei the wing it to be tfee 
fun'sphiceiip&n the'^i^rreftrial ecliptipywhitk 
is the'^ifae as if' the fuil'^g place, by e&fend- 
iag the? ftrifig. Was referred to the'oppofiite 
fide of thedialked Wrtie, here reptrefeftting 
the earth's path in the heavens.- • v '•' ' 

If We'«(Micei«e a pfttne 16 pafe* through 
the axisof the glbbei it'Willaltb pafelhftnigli 
the furi\ ceftter; and' tire' points o^iGanck 
aiid Capricorn iri the tfeVreferial and cJ^iefHal 
ecliptic ; the central fofer ray: in this : ^fi*^ 
tion of^he earth is ahfe iri that pl^fteV fliis 
can never; happen but at the tinted. ^ Wift 
iplftice; • • - ' 

If another plane be conceived to pafs 
through Mjhe center of the globe at right 
angles to the central folar ray, it will divide 
^ globe into two hemilpheres 3 thlt next 

the 
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the center of the chalked circle will 
iejit the earth's illuminated difc, the coii' 
trary fide of the fame plane will at che fame 
time (hew the obfcure hemifphere. 

The intelligent reader, for the ufe of his 
pupils, may realize this lecond plane by cut- 
ting away a femicircle from a Jlieet of card 
parte-board, with a radius of about \\ tenth 
.of an inch greater than that of the globe 
itfelf; if this plane be applied to 66 ^ de- 
grees upon the ftrong brais meridian, it will 
be in the pole of the ecliptic ; and in every 
fituation of the globe round the circum- 
ference of the chalked circle, it will alford 
a lively and lailing idea of the annual and 
diurnal motion of the earth, of the various 
phcenomena arifing from the parallelilin of 
the earth's axis, and in particular the daily 
change of the fun's declination, and the 
parallels thereby defcribed. 

Let the globe be removed from V? to 
and the needle pointing to the variation a«^ 
before, will preferve the parallelifm of the 
earth's axis j then it will be plain, that th) 
ftring or central folar ray will fall upon 
firft point of Leo, fix fignsdiitant from, bi 
oppofite to the fign « , upon which the globe 
Hands : 
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(lands : xk^ QexHtr^i folar rs^y will now d^^ 
{erib^ t^ sotb parallel of nprtk (h^m^iion, 
which will be about the 23d of July. 

If the glotbe be move4 ipc tkie tmnRfft 
from point to point round tha cii!CUfi>|efe2iCQ 
of the chalked circle, and care be taken at 
every removal that the north end of the 
magnetic needle, when fettled^^ points to 
the degree of the variation, the north pole 
of the globfe will be obferved to recede from 
Ac Mnc connedting the centers of the earth 
^d fiin, until the globe is placed upon 
die J)oint Cancer : after which, it will, at 
every removal tend more and more to- 
wards the faid line, till it comes to Capri** 
com again. 

PROBLEM XIL 

To rectify eitiier globe ta the. latL- 
tqde aad hgrizon q£ ^ivjr plac^» 

189. If the place be in north, latitude,^ 
raife die north pole ; if in fbuth latitude,^ 
raifc the fouth pole, until the degrees of the 
giveQ latitude, reckoned on the flrong brafs 
meridian under the elevated pole, cuts the 
plane of the broad paper circle 1 then this- 

circle 
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ckcfe will reprefent the horizon of that 
place. Thus for London, elevate the North- 
pole till 51^. 32^ on the ftrong brafs me- 
fidian, cut the broad paper circle, and the 

globe is redified. 

' I . . . ■ •' 

To rectify for the fun*s place* 

1 90, After the former redification, bring 
tjie degrees of the fun's place in the ecliptic 
line upon the globe to the ftrong bra& 
meridian, and fet the horary index to that 
XII]^ hour, upon the equa.tor v^hich i& 
moft elevated. 

191. Or, if the fun's place is tQ ba 
retained, to anfwer various conclufions, 
bring the graduated edge of the move- 
able meridian to the degree of ^^he fun's 
place, in the ecliptic, upon the celeftial 
globfe, and fJide the wire v^hich crofles the 
center of the artificial fun thereto: then 
bring itsxenter, which is the interfedion of 
the aforefaid wire, and graduated edge ,of 
the moveable meridian, under the ftrong 
brafs meridian as before, and fet the horary 
iiidex to that XII on the equator which i^ 
mov elevated.. 

To 
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To redify for the zenith of anj 

place. 

192. After the firft reftificatioft, fcrewthe 
hut of the quadrant of altitude fo many 'de- 
grecs from the equator, reckoned on the 
ftrong brafs meridian towards the elevated 
pole, as that pole is raifed above the plane 
of the broad paper circle, and that point 
wUl reprefent the zenith of the place. 

Note, The zenith and nadir are the poles 
^ the horizon, the former being a point 
direSly over our heads, and the latter, one 
directly under our feet. 

193. If you are doubtful whether the 
proper point of the brafs meridian is cor- 
redlly cut, when fet by the eye, apply a card 
cut in the Ihape of fig, 27. to the place, flat 
upon the broad paper circle^ and it will be 
truly adjuftedi* 

If, when the globe is in this ftate, we look 
On the oppofite fide, the plane of the ho- 
rizon will cut the flrong brafs meridian at 
liie complement of the latitude, which is 
alfo the elevation of' the equator above the 

horizon. 

PRO- 

f r Sfle d^e advertifement at the end of the preface. 



I 

\ 



no Defcfiptim ami VJe (f the 

PROBLEM XIII. 
To find the moon's mean place upon 
tile cekftkl globe, hef age ind 
day of the month being known. 

194. The ilEioon increases her longstiidb 
in <he ecliptic eVcry day about 13 deg. 10 
min. by which means ihe croflfes the ttieri^ 
dian of any plafce about 50 mihates liter 
^in ffae did the preceding day. 

Thus if ber pkcd be in the I2fh dbgrtsc 
of Tatoru^ atny day at noony it will be 1^5 
deg. 10 min. in Taurus on the ^coeddiiig 
iitonv 

It IS new moon when tht fun and moon 
have the fame longitude, or are in or near 
die fame point <^f the elliptic. 

When they hire oppofite lofigitc»des» or 
are in oppofite points of the ecliptic, it i6 
fbU moon. Art. 56 to 64. 

To peffbrm this problenv tolerably near 
the l)ruth> without . hiving teoourfe to on 
epfafecBiems^ which may noe alv^ays be it 
hdndt 

Find the day of the new moon n**t p«i» 
cfediflg the given day of the month in any 

cofiSiflon 
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nmon almanack, the number of days 
dapfed is the moon's age. 
The equator on our new celeftial globe 
"is divided by large dots intozgl equal parts, 
each of which is directed by a fliort dotted 
line, to a number marked in Roman 
figures, expreiTing the feveral days of the 
moon's age. 

PThe rule. 
195. Elevate the north pole of the ce- 
Jeftial globe to 90 degrees, and then the 
equator will be in the plane of, and coincide 
K(vith the broad paper circle j bring the firil 
Hpoint of Aries, marked T on the globe, 
to the day of the new moon on the faid 
broad paper circle, which anfwers to the 
fun's place for that day ; and the day of the 
moon's age will ftand againft the fign and 
degree of the moon's mean place ; to which 
fet the artificial moon upon the ecliptic on 
the globe. 

PBut if you are provided with an ephe- 
ineris*, that will give the moon's latitude 
and place in the ecliptic j firft note her place 
in the ecliptic upon the globe, and then 
counting 
fmtical Almanack is the bcft Bnglilh Ephe- 
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counting fb many degrees arpongft ihe. p^-* 
raDels in the zodiac, either above or btlow 
the ecliptic, as her latitude is north or fouth 
upon the given day^ and that will, be the 
point which reprefents the. true place of the 
mooij for that lime^ to which apply the 
artificial moon* ,. . 

196. Note, The artificial moon is afmall 
thin piece of brafs in form of a crefcent, 
having. two holes a and b,, fig. 28, through 
which a ihiall firing of filk twift is'put, that 
il may flip backward^ or<forwards uporn it. 

To pne end c.of'tliis filk ftring is tied 
a fmall piece of brafs dec witK three 
Holes, at d ec. ' 

The manner of putting it upon the globe 
is this : firil put the crefcent a b, on the 
firing; and the piecb of brafs, by paffing 
the firing through the two holes d, e, the 
firing being a^ yet left free. The two ends 
of the firing being Idofe, pafs the end F 
round the ,north pole of the globe, in a 
groove piade for that purpofe, and tie it 
into a lobfe loop like F g, then put the otl^er 
end bftlie firing G c round the fouth pole, 
ahd tie it fail to the hole at c : then by pull- 
ing the piece dec upwards, the firing may 

be 
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be tightned on any part of the globe, and 
pufliing it downwards will flacken it," that 
it may be removed to any other place, .and 
then tightned again. 

PROBLEM XIV. 

To reprefent the apparent diurnal 
motion of the fun, moon, and 
ftars, on the celeftial globe. 

i gy. Find the fun's place in the ecliptic, 
\yy problem r. art. 98. and to that point oa 
the ecliptic line which is drawn upon the 
^lobe, fet the center of the artificial fun. Alfo, 
.Find the moon's place by problem xiii. 
art. 1 94. and let the center of the artificial 
xnoon upon it. 

Redify the globe to the latitude, fun^s 
place, and zenith, by problem xii. art. 189, 
200, and 102. 

, The globe being turned round its axis 
£rom ^aff to weft, will reprefent the appa- 
rent riiotion of the fun, moon, and ftars, 
for that .day. ., a 

108. When 'the center of the artificial 

liin is in the plane of the horizon oh the 

• ' - I eaftern 
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eaftern fide, the horary index fliews tipoa 
the equator tlie time of fiih-rifmg. 

199. All thofe ft^s which are then in the 
plane of the horizon on the eaftern fide, are 
at the fame inftant of time rifing with the 
fun, and thofe on the weftfern fide of the 
horizon, are then fetting. 

Their diftance from the true eaft or weft 
points of the horizon, is trailed the fiin or 
ftar's arfiiplittide. 

200. And when the center of the arti- 
ficial moon comes to the horizon bli the 
eaftern fide, the horary index will point to 
the hour and minute of her rifing. 

Arid tnbfe ftars on the eaftern edge of the 
horizon are then rifihg with her, whilft at 
the fame time all the ftars, cut by the 
weftern edge, are fetting. 

201. That degree and minute of the 
equator which is cUt by the plane bf the 
horizon, at the fame time that the center of 
the artificial fun,' nioon, or any Ifar, is alfo 
cut by the faid jplane, is the very pomt'of 
the equator, which rifes with either of them, 
and Is called the fun, moon, or ftiar's oblique 

iaicehfibn. 

f..j 

202. A9 



ifcends in the heavens 
till it culminates, or comes under the gra- 
daated fide of the ftrong brafs meridian, the 
horary index will fucceflively point to the 
hours before noon j but when it is under 
it, the horary index points at XII o'clock; 
and that degree and minute on the equator, i ] 
■^vhich is then cut by the brafs meridian, is 
called the fun's right alceniion ; that is, its 
didance from the firft point of Aries, reck- ' 
oned in degrees, minutes, 6cc. upon the 
equator. 

203. At the fame time, that degree of 
«he brafs meridian, which is diredtly over 
«he artificial fun, is his declination, art. 133. 
for that day. 

The fame is to be obferved of the moon. 
<DT any ftar, as they afcend in the heavens, 
till they culminate or come under the meri- 
c3ian, the horary index conftantly pointing 
to the hour of the day or night; their 
right afcenfion and declination are alfo 
fliewn in the fame manner as that of the 
-fun. 

204. While the fun defcends from the 
Ttieridian weftward, the horary index fuc- 
ceffively fiiews the hoiirs after noon. 
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. And when the center of the artificial fun 
is in the plane of the horizon on the weftern 
fide, the horary index ihews the time of fun- 
.iettiog; and that point of the equator which 
is then cut by the plane of the horizon, is 
the point which fets with the fun, and is 
; called his oblique defcenfion. 

205. The number of" degrees on the 
equator contained between the.pointsof his 
oblique afcenfion, and right afcenfioo, or 
between the points of his right afcenfion 
and oblique defcenfion, is called his afcen- 
fional diiFerence. 

Obferve the fame with refpedt to the 
. moon or any ftar : as they defcend from the 
meridian weftward, the horary ind^x will 
fucceffively fhew the time of their arrival at 
any given point, their fejtting, oblique de- 
fcenfion and afcenfional diflference, in the 
fame manner as before defcri&ed in relation 
to the fun. 

The rifing, culminating, fetting, &c» of 
any planet may be obtained, if the place of 
the planet, its longitude and latitude being 
taken from an ephemeris, be afcertained ; 
and an artificial pknet fet thereto, in the 
manner in which we have diredled (^9 arti- 
ficial 
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ficial moon to be placed upon the globe, 

art. 196. or this laft may occafionally re- 

preient a planet* 
Thus on the 1 8th day of June, A. D* ' 

1769 new ftile, being the firft year after. 

biiiextile, the fun's place will be ;i , 27 deg. 

22 min. the moon's place /, 18 deg. ominx 
her latitude north odeg. 30 min. The full, 
moon about 4 of an hour paft VIII o'clogk 
in the morning ; to which places, if the ar-r 
tificial fun and moon be fet, a beginner 
may readily exercife himfelf in finding the 
proper anfwers agreeable to thefe data, by 
the directions in this problem. 

Parallels of altitude. 

206. The globe remaining redified as in 
the laft problem, the uppermoft point repre- 
fents a point in the heavens diredly over our 
heads, which is called the zenith : and as 
the brafs quadrant is moveable about its up- 
per end as a center, when that center is 
fixed to the latitude of the place upon the 
ftrong brafs meridian, it will be in the zenith, 
and the beginning of its graduations will 
coincide with the plane of the broad pamper 

I 3 circle. 
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circle, which in thefe cafes reprefents l!| 
horizon of the place. 

If the quadrant be moved about the globe, 
its firft divilion will defcribe the horizQi 
And, 

At the fame time, all its intermedil 
divifions will defcribe circles parallel to the 
horizon; the point marked lo defcribes a 
parallel of lo degrees, the point marked 20 
a parallel of 20 degrees, and fo of any other 
point. 

207. Thefe circles parallel to the horizon 
are called parallels of altitude, becaufe they 
fhew the elevation of the fun, moon, ftars, 
or planets, above the plane of the hori- 
zon : 

And the divifions on the quadrant i 
in each cafe reprefent the diilance of ( 
fecondary to the horizon. 

PROBLEM XV, 
To find the fun's altitude at 
given time of the day. 

208. Set the center of the artificial fun to 
his place in the ecliptic upon the globe ; 
and redify it to the latitude and zienith, by 

problem 
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■'problem xii. art. 189,^0. bring the center 

B-pf the artificial fun under the ftrong brafa 

H, jneridian, and fet the hour index to that XII ] 

■ vhich is moft elevated ; turn the globe to j 

the given hour, and move the graduatedJ 

edge of the quadrant to the center of i\\p\ 

artificial fun j and that degree on the qua- J 

drant which is cut by the fun's center, ml 

I the fun's height at that time. 
The artificial fun being brought undetl 
the ftrong brafs meridian, and the quadran^J 
jUid upon its center, will (liew its meridian,' j 
or greateft altitude, for that day. 
Jf the fun be in the equator, his greateft 1 
or meridian altitude is equal to the elevation J 
of the equator, which is always equal to the T 
co-laXitude of the place, or the difference oFj 
the latituijle from 90 degrees. 

Azimuth or vertical circles. 
209. An azimuth circle in aflronomy, is 
the very fame as a circle of pofition in 
geography ; they being fecondaries to the .\ 
horizon, or great circles paffing through the \ 
zenith of any place, and croffing the horizon 1 
at right angles : either in the heavens, called ] 
azimuths ; or on the earth, circles of pofition. 
I 4 Any 
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Any azimuth circle may be reprefentcd 
by the quadrant of altitude, when the Can- 
tor upon which it turns, is fcrewed to that 
point of the flxong brafs meridian, which 
anfwers to the latitude of the place, and the 
place brought into the zenith. 

Suppofe at London, if you bring the 
divided edge of the quadrant to lo degrees 
on the inner edge of the broad paper circle, 
it will reprefent an azimuth circle of lo de- 
grees ', if you fet it to 20, it will reprefent 
an azimuth circle of 20 degrees; and jfd of 
any other. 

If the quadrant of altitude be fet to o 
degree, that is either upon the eaft or weft 
points of the broad paper circle, it will then 
reprefent that fecondary to the horizon, or 
azimuthal circle, which is called the prime 
vertical, 

PROBLEM XVL 

To find the azilnuth of the fun, 

or any ftar. 

210. Redlify the globe to the latitude 
and fun's place, art. 189, 190. then turn it 
to the given hour, and bring the divided 

edge 
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edge of the quadrant of altitude to the fun's 
place in the ecliptic, or to the center of 
any ftar, and it will crofs the horizon at the 
azimuth required. 

The diftance of that point of the horizon, 
in which the fun appears to rife or fet> 
counted from the prime vertical, art. 209. 
or eaft and weft points of the horizon, is 
called the fun*s amplitude. 

COROLLARY. 

To find the angle of pofition of 

• places. 

211. The angle of pofition is that formed 
between the meridian of one of the places, 
and a great circle paffing through the other 
place. 

Reftify the globe to the latitude and 
zenith of one of the places, art. 189, 192. 
bring that place to the ftrong brafs meri- 
dian, fet the. graduated edge of the quadrant 
to the other place, and the number of de- 
grees contained between it and the ftrong 
brafs meridian, is the meafure of the angle 
ibught. Thus, 

The 
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The angle of poiitlon between the meri- 
dian of Cape Clear in Ireland, and St. 
Auguftine in Florida, is about 82 degrees 
north wefterly ; but the angle of pofiiion 
between St. Auguiline and Cape Clear»^| 
only about 46 degrees north eafterly. fl 

Hence it is plain that the line of pofition, 
or azimuth, is not the fame irom either place 
to the other, as the romb-Iines are. 



frA 



COROLLARY. 
To find the bearing of one pi; 
from another. 

212. The bearing of one fea-port frj 
another is determined by a kind of fpiral 
called a romb-line, paffing from one to the 
other, fo as to make equal angles with all 
the meridians it pafleth by; therefore if 
both places are fituated on the fame parallel 
of latitude, their bearing is either eaft or 
weil from each other ; if they are upon the 
fame meridian, they bear north and fouth 
from one another ; if they lie upon a romb- 
line, their bearing is the fame with it ; if 
they do not, obferve to which romb-line the 
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two places are neareft parallel, and that will 
/hew the bearing fought. 

Thus the bearing of the Lizard Point 
From the ifland of Bermudas is nearly 
ENE; and that of Bermudas from the ' 
Lizard is WS W, both nearly upon the fame 
romb, but in contrary diredions. 

A parallel fphere 

2 1 3 . Is that pofition of the globe, in which 
the poles are in the zenith and nadir, its axis 
at right angles to the equator and horizon, 
which coincide ; and confequently thofe 
circles which are parallel to the equator, are 
alfo parallel to the horizon. 

The inhabitants of this fphere, if any 
&ere be, muft live upon the two terreftriat 
poles, and will have but one day and one 
night throughout the year ; and the moon, , 
during half her monthly courfe, will never 1 
rife, and during the other half will never ' 
fet : all the fixed liars, vifible to thofe peo- 
ple, will defcribe circles every day parallel I 
■to their horizon. 
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A right fphere 

124. Is that in which the inhabitants fee 
both pple^ in their horizcfn, the equator 
pafling through their zenith and nadir, and 
all the circles parallel to the equinoctial per- 
pendicular to their horizon. 

Thefe people live upon the terreftrial 
equator, confequently all the heavenly bo- 
dies w^ill always rife and fet perpendicularly 
to them; and their days and nights will 
be of an equal length throughout the year. 

An oblique fphere 

215. Hath one of the poles of the globe 
above, the other under the horizon ; the 
equator in all the cafes of this fphere is half 
above, and half below the horizon, and all 
its parallel circles cut the horizon obliquely. 

That arch of any parallel of declination 
in the jceleftial, or of latitude in the ter- 
reftrial fphere that is above the horizon, is 
called the diurnal arch. And 

The remaining part of it, which is below 
the horizon, is called the nodurnal arch. 

Thefe 
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Thefe arches, with refped: to tlie fun's 
apparent motion, determine the diiFerent 
length of days and nights. 

The inhabitants of this fphere are thoie 
who live on all parts of the earth, except 
tho& at the poles and upon the equator. 

Of the twilight, . 

That light which we have from the furi 
before it rifes, and after it fets, is called the 
twilight. 

216. The morning- twilight, or day-break, 
begins when the fun becomes within 18 de- 
grees of the horizon^ and continues till fun- 

The evening twilight begins at the time 
of the fun-fettin^ and continues till it is 1 8 
degrees below the horizon. 

For this purpofe on our new globes, a 
wire circle is fixed eighteen, degrees below 
the furface of the broad paper circle ; fo 
that 

■ ; . ■ ■ • • • t 

All thofe places which are above the wire 
circle will haVe the twilight, but it ^)^^ill be 
dark to aU .places belo^v it. , . 
';Atthi6 time of winter folftice, when the 
wh(^ ipacfiLwilibio tbgJI9fthern,pQlar^^c^^ 
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is out of the fun's light, the greater part 
it enjoys the benefit of twilight ; there be- 
ing only about 5^ degrees round the pole 
that will be totally dark. 

We have here only confidered the f 
light refledled to us from the earth's atnn 
fphere by the fun himfelf ; befides which 
the body of the fun is always encompafled 
with a fphere of light, which being of a 
larger circumference than the fun, muft 
rife before him, and fet after him ; which 
confequently lengthens the twilight by ilUi- 
minating our air, when the fun is deprefled 
too low to reach it with h^s own light: 
this feem»tQ be the caufe, why the fun is 
preceded by a luminous fegment of a circle 
in the eaft before his rifing, different from 
that light refleifled by the atmofphere froi 
the body of the fun ; the like to which 
be obferved in the wefl after fun-fet. 

To reprefent the earth's enlighten! 
difc by the terreftrial globe. 

217. We have already -fhewn how the 

earth's diurnal motion is reprefcnted by the 

motion of the terrelhial globe about its axis 

from 



1 
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from weft to eaft; and that the horary 
index will point upon the equator the 24 
hours of one diumal rotation, or any part 
of that time. 

The broad paper circle, und^ this con- 
Cderation, will be now employed to repre- 
fcnt a plane fuppofed to pafs through the 
center of the earth, perpendicular to a cen- 
tral Iblar ray : or in other words, perpen- 
dicular to a line fuppofed to be drawn from 
the center of the fun to that of the earth 
at all times of the year. 

In which cafe, the broad paper circle 
divides that half of the earth's furface, which 
is illuminated by the fun's rays, from the 
Atherhcmifphere which is not enlightened. 
218. That the globe may appear to be fo 
:nlightened, conceive a fun painted on the 
ceiling of the room in which you are, di- 
re(21y over the terreftrial globe, and of the 
,me diameter ; from whence imagine an 
[finite number of parallel rays falling per- 
bendicularly downwards upon the upper 
Ibrfece of the globe, which here reprefcms 
the illuminated hemiiphcre of the earth's 
enlightened difc. 



Whence 
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Whence it is plain, that the central iblaf 
ray is the .only one which pafles through 
the centers of the fun and ear-th, as well 
as the only ray that can poffibly be perpen- 
dicular to the earth's furface; all other 
Iplar parallel rays will fall more and more 
oblique, as they are farther from the cen- 
tral ray, tilL their arrival at the edge of the 
enlightened difc, here reprefented by the 
inner edge of the broad paper circle, where 
they will become parallel to the horizons 
of all places then under the faid edge qf 
the difc. 

In one diurnal revolution of the earth, 
the central folar ray defcribes the parallel 
of the fun's declination ; or rather that pa- 
rallel, to the inhabitants of which the fUn 
that day will pafs direftly vertical, or over 
their heads. 

.. From this application of the terreftrial 
globe^ we fee the natural caufe of the diffe- 
rent altitudes of the fun at diiierent times 
of the (Jay, and ^ different feafons pf the 
' yejur ;. . which arife irpm .the earth's d*lly 
rotative and progrefQ v^e ipotion, &€U \ 

When we view the globe in (hispofition, 
we at once fee the fituation of all places ir 
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the illuminated hemifphere, whofe inhabi- 
tants enjoy the light of the day, while at 
the fame time all thofe places below the 
broad paper circle are deprived of the fun's 
light, and have only twilight fo far as the 
wire circle, and all below that, have total 
darknefs, when the moon does not Ihine on 
them. 

And by obferving the angles made by 
the meridians, drawn on the globe, cutting 
any parallel of latitude at the edge of the 
broad paper circle, with the ftrong brafs 
meridian, we fee the femi- diurnal arches 
continually decreafe from the elevated pole, 
till they come to the oppofite part of the 
earth's enlightened difc. 

PROBLEM XVII. 

To redify the terreftrial globe, that 
the enlightened half of the earth's 
furface may be all abox'^ the 
broad paper circle for any time 
of the year; the fun being fup- 
pofed in the zenith. 

219. On the backfide of the ftrong brafs 
Bieiidian, and on each fide of the north pole, 

K are 






:;V 
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* # ■ ■■ 

are graduated, in two concentric fpaces, the 
itnbhths &hd days of the year. 

Bring the day of the month to coincide 
with the brpad paper circle, arid the terref- 
trial' globe is redified. " 

When the globe is thus reftified, that 
degree and minute upon the graduated fide 
of the brafs meridian, which is then cut 
hy the plane of the broad J)apef circle, is 
ihe diftarice of the fhade of extuberancy 
upon the earth's difc, rttrkoned from the 
pole, a!nd is equal to the fun*s declination 
for that day ; and is therefore alfo' equal to 
the latitude, counted from the iecjuator, of all *: 
thofe places to which the fun is vertical ; 
and this point on the brafs meridian reprc- . 
fents the central folar ray defcribing the 
parallel of the day. 

If now the globe be turned from weft 
to caft, all thofe places which arrive at 
the weftera edge of the broad paper circle, 
are pailing out of the twilight into the fun's 
light ; and the fun then appears riiing to 
all the inhabitants. 

At the fame time, if you look upon the 
caftem edge of the broad paper cirde, it 
will cut all thofe places which ^^^fen 

paf&Dsr 
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pafling from the fun's light into the twi- 
light ; whofe inhabitants will fee the fun 
fetting, and epjoy the twilight, until they 
arrive at the wire circle, which is placed 
18 degrees below the illuminated difc, at 
which time they enter into total darknefs. 

The graduated fide of the ftrong brafs 
meridian ihews, at the fame time, all thoie 
places which have mid-day or noon. 

If the* horary index be fet to XI ^ when 
any particular place is brought under the 
Arong brafs meridian, it will fhew^ as you 
turn the globe from weft to eaft, the pre- 
ciie time of fun-rifing, fetting, &c. at that 
place. 

The horary index will alfb fhew how long 

a place is moving from the weft to the eaft 

fide of the illuminated difc, here reprefented 

by the broad paper circle, and thence the 

lengdi of the day and night ; it will alfo 

poiat,ottt.jthe length of the twilight, by 

rfhewing- the time in which the place is 

pafiing from the twilight circle to the edge 

jof the diic on the weftern fide, or from the 

4»ige of the difc to that circle on the eaftern 

£de; and thereby determining the length of 

its whole artificial day. 

K 2 We 
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We fliall proceed to exemplify ihefe parti- 
culars at the times of equinox and folftice. 

PROBLEM XVIII. 
The time of eq\iinox. 

220, The fun has no declination at the 
times of equinox, confequently there muft 
be no elevation of the poles. 
' Bring the day of the month on the back- 
lide of the ftroiig brafs circle, in which the 
\ fun enters the fifft point of Aries or Libra, 

into the plane of the broad paper circle, 
and then the two poles of the globe will be 
in that plane alfo ; and all thofe circles which 
are parallel to the equator will cut the plane 
of that broad circle at right angles, and the 
globe will then reprefent a right fphere. 

If you now turn the globe from weft to 
eaft, it will plainly apppar, that all places 
upon its furface are twelve hours above the 
broad paper circle, and as many below it ; 
which fliews, that the nights are equal to the 
days to all the inhabitants of the earth; that 
is, they are illuminated by the fun'6 rays 
twelve hours : whence thefe are called the 
equihodial feafons, two of which ckrcur in 

every 
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every year 5 the iirft is the autumnal, the 
iecond the vernal, equinox. 

At thefe times the fun appears to rife and 
iet at the fame inflant to all places in the 
fame meridian. 

But their twilight is longer as their fitua- 
tion is nearer to either pole i in fo much 
that within 1 8 degrees of the poles, their 
twilight is 12 hours, confequently there is 
no dark night in thofe places at the times 
of equinox : when at the fame time thofe 
places under the equator have only one hour 
and 1 2 minutes twilight ; fo that their arti- 
ficial day is about 14 h. 24 m. at thefe 
two feafons of the year. 

Thus, if London and Mundford on the 
Gold Coaft, be brought to the ftrong brafs 
meridian, the graduated fide of which is in 
this cafe the horary index ; (tho' in other 
cafes the hour index is to be fet to that XII 
which is moft elevated;) if then they be 
brought to the weft fide of the broad paper 
circle, the index will point to VI o'clock 
for fun-rifing, and to VI for fun-fetting, 
when thefe places are brought to the 
eaftern fide. 

K 3 AlfD, 
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Alfo, if London be turned froift the Weft 
towards the eaft, and the hoilr index be fet 
to XII as before, if you turn it till the ifland 
of Jamaica comes to the meridian, it wilf 
fhew, on the equator, the hour after noibd 
at London, when it is noon at Jamaica ; or 
that London pafTes under the meridian abottt 
5 h. 4 min. before Jamaica arrived at it. 

PROBLEM XIX. 
The fummer folftice. 

221. Redify the globe to the extremity 
of the divifions for the month of June, or 
to 23^ degrees north declination ; then that 
part of the earth's furface, which is within 
the northern polar circle, will be all illu- 
minated by the fun, and the inhabitants 
thereof will have continual day. 

But all that fpace which is contained 
within the fouthern polar circle, will be at 
the fame time in the fhade, and have con-' 
tinual night. 

222. In this pofition of the globe, we fee 
how the diurnal arches of the parallels of 
latitude decreafe, as they are more and more 
diftant from the elevated pole, 

223. If 



Cel0f^ m^'%efrefirial Ghhes. 135 

l^i.^, ^f any plac^e be brought under the 
ftcong i^j^fs in<^idian, and ^e horary index 
b<s fet to ti^at XII wl^ict ik moft elevated, 
and if that place be brought to the weilern 
fide of t|he bro¥t4 P^pcr circle, the hour in- 
d^ Tjpll ihpw t^ie time of £un-rifing ; and 
when moved to tbe eafcern ?dge, the index 
poipts tp, thp time of fun-fetting; the length 
of the day is obtained by the time /hewn by 
the horary index, while the globe is turned 
from the weft to the eaft fide of the illumi- 
nated difc. 

Thus it will be found that at London the 
fuD rifes about 15 minutes before IV in the 
iDoroing, and fets abou^ 15 minutes after 
VIII « night. 

At the following [dace's it will be nearly 
at tl^e tinjcs expreifed. 



;, Setfing, 



of Day 
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' ■ * ■ 

We alfo fee, that at the time when thcf 
fun rifes at London, it rifes at the ifland of' 
Sicily in the Mediterranean, and at the 
ifland of Madagafcar. 

And that at the time when the fun fcts 
at London, it is fetting at the ifland of 
Madeira, and at Cape Horn. 

And when it is fun-fetting at the ifland 
of Borneo in the Eafl: Indies, the fun is 

rifing at Florida in America, 

/' ■ ■* ' • - * « 

P R O B L E M XX, 
Winter folftice. 

224, Reftify the globe to the extremity 
of the divifions for the month of December, 
or to 23 \ degrees fouth declination. 

At this feafon it will be apparent, that 
the whole fpace within the fouthern polar 
circle is in the fun's light, and enjoys con- 
tinual day 'y whilft that of the northern po- 
lar circle is in the fhade, and has continual 
night. 

Then if the globe be turned as before, 
the horary index will fhew, that at the 
feveral places before mentioned, their days 
will be refpedlively equal to what their 

nights 
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nights were at the time of the fummer 
ibli rice. 

It will appear to be fun-fetting at the 
time it was then fun-rifing; and on the 
contrary, fun-rifing at the time it then ap- 
peared to fet. 

The terreftrial horizon, 

225. As has been defcribed art. 117. is 
a fmall brafs circle with one diameter that 
pafTes through its center ; its circumference 
is divided into eight parts, which are marked 
with the initial letters of the mariner's com- 
pafs, the four cardinal points of the horizon 
being diftinguifhed from the reft ; this may 
be flipped from pole to pole on the move- 
able meridian, and by this means be fet to 
any place upon the globe. 

When the center of it is fet to any parti- x >{!-' ' 
cular place, the fituation of any other places />^ , > 
is feen with refpedl to that place ; that is, '.;;•.>'•. 
whether they be eaft, weft, north, or fouthi '^V''^ •. 
thus it reprefents the fenfible horizon. "*^ 

It will alfo ftiew, why the fun appears at 
different altitudes and azimuths, although 
he is fuppofed to be always in the fame 

PROBLEM 
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PROBLEM XXL 

The fun*s altitude, as obferved with 

a terreftrial or vifible horizon^ 

226. The altitude of the fun is greater 
or lefs, according as one of thf parallel right 
lines or rays^ coming from the fun to us, is 
farther from, or nearer to, our horizon. 

Apply the terreftrial horizon to London^ 
the fi^n being fuppofed in the zenith, or on 
the ceiling direftly over the globe. 

If then from London a line pafs verti-. 
cally upwards, the fun will be focn from 
London in that line. 

At fun-rifing, when London is brought 
to the weft edge of the broad paper circle, 
the fuppofed line will be parallel to the ter- 
reflxial horizon, and from London will be 
then feen in the horizon. 

As the globe is gradually turned from 
the weft towards the eaft, the horizon will 
recede from the line which paffes perpen- 
dicularly upwards ; for the line in which 
the fun was then feen, feems to glide far- 
ther and farther from the terreftrial horizon; 
that is, the fun's altitude increafes as gra- 
dually 
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dually as that Iftfife declines from the ter- 
reftrra! hoxitbii. 

When the fcotizon, ^ftd the Kile which: 
goes from London vertically upwards^> are 
arrived at the ftrbng bf afs nieridiafly the lull 
is then at his greateft or meridian dtltudd 
for that day ; then the line aind hotizort arc 
at the largeft angle they can make that day 
with each other. 

After which, the motion of the gidbe' 
being continued, thi^ angle between the ter- 
reftrial horizon and the line, v^hich goes 
from London vertically upwards, continu- 
ally decreafes, until London arrives at the 
eaftern edge of the broad paper circle; its 
horizon then becomes vertical again, and 
parallel to the line Which goes verticiUly 
upwards, and will then appear in the ho-» 
rizon, and be feen to fet, 

PROBLEM XXIL 

The fun's meridian aMtude at thre^ 

different feafons. 

227. Redify the globe to the time of 
winter folftice, art. 224. and place the center 
of the vifible horizon on London^ 

When 
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. When London is at the graduated edge 
of the ftrong brafs meridian, the line whicK 
goes vertically upwards, makes an angle of 
about 1 5, degrees 5 this is the fun's meridian 
altitude at that feafon to the inhabitants of 
London. 

228. If the globe be reftified to the time 
of equinox, art. 220. the horizon will be 
farther feparated from the line which goes 
vertically upwards, and makes a greater angle 
therewith, it being about 38^ degrees; this 
is the fun's meridian altitude at the time of 
equinox at London. 

229- Again redify the globe to the fum- 
mer folftice, art. 221. and you will find the 
vifible horizon recede farther from the line 
which goes from London vertically upwards ; 
and the angle it then makes with the hori- 
zon, is about 62 degrees, which fhews the 
fun's meridian altitude at the time of the 
fummer folftice. 

Hence flows the following arithmetical 



PROBLEM 
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PROBLEM XXIIL 

To find the fun's meridian altitude 

univerfally. 

230, Add the fun*s declination to the 
televation of the equator, if thp latitude of 
the place and declination of the 'fun are both 
on the fame fide. 

If on contrary fides, fubtrafl: the de- 
clination from the elevation of the equa- 
tor, and you obtain the fun's meridian 
altitude. 

Thus, the elevation of the equator at? « 
London pS 28 

Sun's declination May 20th 20 8 

Their fum is the fun's meridian alti-7 ^ ^ 
tude for that day at London /^^ 3^ 



Again, to the elevation of the equator? « o 
at London, pS ^8 

Add the fun'^ greateft declination at 



the time of the fummer folftice 



m at» 

Their fum is the fun's greateft meri-7 ^ 
dian altitude at London j 57 



Whence alfo flows another method. 



To 
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To find tlie fuii's greateft and ledft 
altitude .univerfally. 

231. Add the fun's declination to, and 
fiibtra£t it from the^elevati<?n of the equa- 
tor, the^- fitffi .?ind 4ifference wijl be the 
fvin's naeridiaji Altitudes, when he hath, the 
fame declination either north or jCoiith. 

o / 

Thus, 4:o.aB,d jfrom the elevation oD ^ g 
the equator, S 

Add and fubftradt the fun's decIi-^7 ^ 

nation, j 



Their fum is the fun's meridian alti-7 ^ g 
tude in fummer, j ^ ^ 



Their difference his meridian altitude? o 

>i8 20 
m winter, j 

having , the fame decimation, one north, the 
other fputh. 

PROBLEM JCXIV. 

The- fun's azimuth compared with 
the vifible horizon. 

23^« jai^ipe the; ^un^ as we have done 
before, to be painted on the ceiling direftly 

over 
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over the globe, art. 218. and a line going 
vertically upwards towards the fun from any 
place on' the furface of the globe. 

If t5^that place you apply the vifible hori- 
zon, that point of it which a vertical line is 
nearefl to at any time, fhews the fun's* azi- 
muth at that time r and we muft alfo ob- 
ferve, that that point of the terreftrial or 
vifible horizon, to which a vertical line is 
neareft, is always the moft elevated point. 

233 Re<aSfy the globe to the pofition of 
a right fphere, art. 214. and apply the vifi- 
ble horizon to London. When London is 
at the weftern edge of the broad paper. ->^ 
circle, * which fituation reprefents the time 
when the fun appears to rife, the eaftern 
point of the vifible horizon* being then moft 
elevaited, fhews that the fun at his rifing is 
due eaft. 

Turn* the globe till London comes to the 
-"taftfem iide of the paper circle, then the 
^ weftern point of the vifible horizon will be 
' 'moft elevatied, and ftiew' that the fun fets 
— thitf Weft. 

^' If the' globe be redrfied into the pofition 
of an -oblique fphere, art. 215. and London 
be brought to the eaftern or weftern fide of 

the 
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tibe broad paper circle, the vertical line will 
depart more or lefs from the eaft and weft 
fioints: in which cafes the fun is faid to 
have more or lefs amplitude either north 
or fouth,. ais this departure tends to either of 
.thofe\tw6 cardinal points^. . - 

As the globe is turned to any particular 
tinie: of the day; we (ball; have the, fun's 
azimuth upon that point of the vifible hori- 
zon which is moft elevated 5 and this will 
be the point wherein a line going towards the 
. fun is neareft to a vertical line^ thus, if a 
line going towards the ftrn> be neareft the 
fouth-eaft point, the fun is then faid to have 
45 degrees azimuth eaft ward, that point be- 
ing 45 degrees from the meridian. 

234. In all pofitions of the globe in north 
latitude, when London is brought to the 
ftrong brafs meridian, the moft elevated 
point of the vifible horizon will always be 
the fouth point of it, which fhews that the 
. fun, at all feafons of the year, will appear 
to the fouth of the terreftrial horizon in all 
places included in the northern temperate 
zone ; but to the north of it at thofe places 
within the fouthero temperate zone. 

235. The 
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4 J5. The ancient diftindioh.df the 
diiFerent places oii the earth, aC-* 
cording to the diverfity of the S^ii-' 
dows of upright bodies at noon. : 

t» R O B L E M XXV; 

■ • ■ ' ft * I 

The afcii, or thofe who on a certain 
day project no made at noonl! 

236. Redify the globe by problem xix; 
art. 221. to the time of the fummer fol- 
ftice, and apply the tetreftrial hqnizon tb 
any place fituated oft the tropic of Cdiicdrl 
as Canton in China, and bbfefve the fan's 
meridian altitude with it; by bnngins^ iti 
center under the ftrong brafs meridian/ alti 
226. it will then appear, that a line going 
vertically upwards ^ will be perpendicular to 
it, oonfequently the fun will be at that 
time diredly over the heads of the inha- 
bitants of Canton, and projedt no (hadow \ 
tlierefore they are afcii^ their noon*-(hadow 
being diredly under them* 



\ * 
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At all other times of the day, their flia- 
dow is projected, iii the morning dire<ftly 
weflward, and in the evening direftly eaft- 
ward. 

The fame thing \yill happen to all ^he 
inhabitants, wl^o live between the tropic 
of Cancer and that of Capricorn, if the tet- 
Ijpftrial horizon be;gradually lemoyed from 
parallel to parallel within thefe limits^ and 
the gloT)e reiaified according to the day of 
the month us before idireftedi ly^ bfinging 
the fenfiWe horizon to the ftrong brafs .me- 
ridian ji to obferve vthe fun's meridian aiti- 
tudei, we. ihall find him appear to be 90 
degrees highj or vertical, rat noon,, to every 
place between the tropics; ,aU the inhabi- 
tants being -afcii twice a year, except thoi^ 
on the tropics themfelves^ »wJ>o iire afcii 
only once a year. 
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PROBLEM XXVI. 

'*rhc inhabitants of all places be- 
tween the tropics of Cancer an4 
.Capricorn, are not onJy afcii, but 
amphifcii, -whofe noon-ihadows 
are projed:ed Sometimes towards 
the north, at other tiines towards 
'the fouth. 

237. Place the fenfible horizon on the 
equator^ and redify the globe to the ^time 
of the equinox, art. 220. at which time the 
equatorial inhabitants are afcii at noon, 
^Jiayfig the iun full eaft of them all the 
morning, and full weft all the afternoon. 

The eaftern point of the fenfible horizon 
will be always uppermoft, or moft elevated, 
as the ^Ipbe is mov^d from weft to eaft, 
,till it cpincs to the ftrong brafs meridian ; 
,anjl after it has pafled this, the weftern 
point will be moft elevated. 

The fenfible horizon . remaining on the 
^iiator, reftify the globe to the time of the 
^iumqaer folfticc, art, 221. and you will 

L 2 find 
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find the north point at noon will be moft 
elevated; which plainly fhews, that the 
inhabitants of the equator will fee the fun 
full north at that feafon, and that their 
(hade will be projcded fouthwards. 

238. If the globe be redified to the win- 
ter folftice, art. 224. the fouth point will 
be n »>ft elevated, and the inhabitants.will 
fee the fun on their fouth fide, which will 
projed: their fhadows northwards, 

239. Heterofcii are thofe who Uve be- 
tween the tropics and polar circles, whofe 
noon-fhadows are projefted one way only. 

Thofe in north latitude have their noon- 
fhadows projefted northwards; the fun at 
that time being always in the fouth. 

And thofe in fouth latitude have their 
noon- tide fhadows projedted fouthwards; 
liie meridian fun always appearing to them 
in the north. 

240. Perifcii are thofe who live within 
the polar circles, the fun going continually 
round them, their fhadow mufl neceffarily 
go round them alfo. 

If the fenfible or terreftrial horizon be 
applied to any of thefe places, and the globe 
redified according to the preceding direc- 
tions. 
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tions, it will fhew, that the fun appears to 
be more elevated at one time of the day 
than at another; and alfo, which way. at 
all times the noon and other fhadows are 
caft, 

241. Antoeci are two oppofite nations, 
lying in or near the fame meridian, one of 
them in north, the other in fouth latitude ; 
they have both the fame longitude, and 
equal latitude, but on oppofite fides of the 
equator : they have oppofite feafons of the 
year, but the fame hours of the day. 

242. Perioeci are two nation.s fituated on 
oppofite fides of the globe, in the fame pa- 
rallel of latitude, having the fame feafons of 
the year, and oppofite hours of the day. 

Therefore their longitude muft differ 
180 degrees. 

243. Antipodes are two nations diame- 
trically oppofite, which have oppofite feafons 
as well as oppofite hours. 

A ftraight line pafliing from one to the 
other muft confequently pafs through the 
center, and therefore become a diameter 
of the globe. 

Their longitude and latitude are both 
oppofite. 

L 3 Thefe 
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Thefe are cjtempllififed by ri Aifffegf tiWf 
globe into the pofition of a right i^faifere^ 
^rt. 220. and bringing the nations under 
confideration to the edge of the broad papaf. 
circle. Thus, 

The inhabitants of die eaftem parts of 
Chili are Antoeci to thofe of New Englandi 
whofe PerioBci live in the northern parts o{ 
China, who are aJfo Antipodes to the inhan 
bitants of Chili. 

We fhall now proceed to exemplify the 
former precepts in a few particular pto^ 
blems. 

PROBLEM XXVIL 

To find all thofe places on the globe^ 
over whofe zenith the fun will 
pafs on any given day, 

244. Reftify the terreftrial globe, art<t 
219. by bringing the given day of the 
month, on the back fide of the ftrtmg brafs 
meridian, to coincide with the plane of the 
broad paper circle, and obferve the eleva- 
tion of the pole on the other fide ; and that 
degree, counted from the equator on the 
ftrong brafs meridian towards the . elevated 

pole. 
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pole^ is die point over which the fun is ver- 
tical. Now turning the globe, all thofe 
places which pa(s under this point, have the 
fon diretSlly vertical on the given day. 

Thus bring the i ith day of May into the 
plane of the broad paper circle, and the faid 
plane will cut 1 8 degrees for the elevation of 
the pole, which is equal to the fun's decli- 
nation for that day i which, counted on the 
ilroog brafs meridian towards the elevated 
pole, is the point over which the fun will be 
vertical. Now turning the globe round, we 
ihall find that Amalagan, one of the Ladrone 
iflands, the northern part of Manilla, the 
middle of Siam, a great part of Africa, and 
St. Anthony, one of the Cape de Verd iflands, 
the fouthern fide of the iflands Porto-Rico 
and Domingo^ and the northern part of 
the ifland of Jamaica, &c. have all of them 
the fun in their zenith on the iith of 
May. 

Hence when the fun s declination is 
equal to the latitude of any place in the 
torrid zone, the fun will be vertical to thofe 
mhabitants that day. . 

Hcfnce alfo we derive the following 

L4 PRO- 
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PROBLEM XXVIIL 
To find the fun's declination, ancj 
thence the parallel of latitude 
correfponding therewith, upon 
the terreftrial globe, 

245. Find the fun's place qpon the broad 
paper circle for any given day, art. 98. and 
feek that place in the ecliptic line upon the 
globe; this will fliew the parallel of the fun's 
declination among the dotted lines, which is 
alfo the correfponding parallel of latitude ; 
therefore all thofe places through which this 
parallel pafles, have the fun in their zenith 
at noon on ^he given day. 

Thus for the 27th ^)f July the fun's place 
is H, 4^ 50', find this on the ecliptic line 
upon the globe, where it will cut thQ 1 9th 
parallel from the equator, 

PROBLEM XXIX. 

To find thofe two days on which 
the fun will be vertical to any 
place between the tropics, 

246, That parallel of declination which 
pafles through the given place, will <:ut the 

ccliptiq 



Cikftial and "Tene/lrial Gloies^ icj 

ecliptic line upon the globe in two points^ 
which denote the fun's place, againft which, 
on the broad paper circle, are the days and 
months required, 

PROBLEM XXX. 

The day and hour at any place 
being given, to find where the 
fun is vertical at that time. 

247, Let the given place be London, and 
time the 1 1 th day of May at 4 minutes 
pad V in the afternoon. 

Rcftify the globe to the day of the 
month, art. 219. and you have the fun's 
declination 1 8 degrees north ; bring London 
to the meridian, and fct the horary index to 
XII, turn the globe till the index points to 
the given hour on the equator, 4 minutes 
paft V, then Port-Royal in Jamaica will be 
under the 18th degree of the ftrong brafs 
meridian, which is the place where the fun 
is vertical at that inftant. 



J>ROBLEM 
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PROBLEM XXXI. 

The time of the day at any one 
place being given, ta find , all 
thofe places in which the fun is 
then riling, fetting on the me- 
ridian, and where he is vertical; 
likewile thofe places, in which it 

' is midnight, twilight, and dark- 
night, at the fame inftant; as 
well in thofe places in which the 
twilight is beginning and ending; 
and alfo to find the fun's altitude 
at any hour in the illuminated, 
and his dcpreffion in the obfcure, 
hemifphere. 

248. Re£lify the globe to the day of the 
month, art, 219. on the back fide of the 
ftrong brafs meridian, and the fun's decli- 
nation for that day, which is equal to the 
elevation of the pole, is given upon the gra- 
duated fide. of the brafs meridian, by its co- 
incidence with the plane of the broad paper 

circle ; 
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oMt ^ favinji^ the given place to the ftr6ng 
fcntife meridian^ and fet the horaiy hide^t txt 
XII^ upon the tqtiztor, tarn the globe from 
weft to eaft>. until! the horary index poilitd to 
ihc given' time. Then 

All thofe planets, vvrhich Ik in the plane of 
tficc vrcftcm fide, of the broad pa*pcr circle^ 
iee the fun rifing^ and at the fanme time tho& 
on the eaftern fide of it fee him fetting. 

It IS then noon to dl the inhabitants of 
thofe places under the upper half of thcgra^ 
dilated fide of the ftrong brafs meridian^ 
whilft at the fame time thofe under the lower 
half have midnight. 

All thofe places which are then between 
• the upper flirface of thrfO*oad paper circle, 
and the wire circle under it, art in the 
twilight; which begins to all thofe places on 
the weftern fide that are immediately under 
the wire circle, to which it is the dawning 
of the day ; its end is at all thofe places in 
the plane of the paper circle, on which the 
fun has juft begun to rife. 

The contrary happens on the eaftern fide; 
the twilight is juft beginning to thofe places 
j/i which the fun is fetting, arid its end is at 
the place juft under the wire circle. 

And 
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And all tfaofe places which are under the 
twilight wire circle have dark nighty unlefs 
the moon is favourable to them. 

All places in the illuminated hemifpbere 
have the fun*s altitude equal to their diftance 
from the edge of the enlightened difc, which 
is known by fixing the quadrant of altitude 
to the zenith, and laying its graduated edge 
over any particular place. 

The fun's deprefiion is obtained in the fame 
manner by fixing the center of the quadrant 
dt the nadir, or that point which is dired:ly 
under the obferver's feet. 

PROBLEM XXXII. 

To find the tiir? of the fun's rifing 
and fetting, the length of day and 
night, on any day in the year, in 
any place, whofe latitude lies be- 
tween the polar circles, and alfb 
the length of the fhorteft day and 
night in any of thofe latitudes, and 
in what climate they are. 

249. Redlify the celeftial globe to the 
latitude of the given place, art. 189. brin 

th 
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e artificial fun to his place In the ecliptic 
for the given day of the month ; and then 
bring its center under the ftrong brafs me- 
ridian, and fet the horary index to that XII 
which is moft elevated. 

Then bring the center of the artifici^ fun 
to the eaftern part of the broad paper circle, . 
■vi'hich in this cafe reprefents the horizon, 
and the horary index fliews the time of the 
fun-rifing ; turn the artificial fun to the wefl- 
€rn fide, and the horary index will fliew the , 
time of fun-fetting. 

Double the time of fun-rifing is the length, \ 
of the night, and the double of that of fun- 
fetting is the length of the day. 

Thus on the 5th day of June, the fun rifes 
at 3 b. 40 min. and fets at 8 h. 20 min, 
by doubling each number it will appear, 
that the length of this day is 16 h. 40 min, 
and that of the night 7 h. 20 min. 

The longeft day at all places in north 
latitude, is when the fun is in the firi); point 
*3f Cancer; and 

The longeft day to thofe in fonth lati- 



fcde, is when the fun Is in the firft 
Bj>ricorn. 



point 



of 



Wherefore 
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W^hercfQre tji^ globe bqing refSified as 
above, and -tiie artificial fun plax;ed to the 
firft point of -Cancer^ and brought to the 
«a(lern edge of the broad p^per circle, and 
the horary index being fet tothat XII which 
is moft elevated, on turning the globe from 
call to weft, until the artificial fun coincides 
with the weftern edge, tlie number of hours 
counted, which are pafled over by the horary 
index, is the length of the longeft day; thqir 
cppiplQment.to twenty-four hours gives the 
length of the fliorteft night. 

250. If twelve hours be fubftracled from 
the length of the longeft day, and the re- 
maining hours doubled, you obtain the 
cliijiate mentioned by ancient hiftorians : 
and if you take half the climate, and add 
(hereto twelve houfs, you obtain the length 
flf the longell day in that clijnatej ,this 
holds good for every climate between ithe 
polar circles. 

A climate is a fpace upon the furface of 
the earth, contained between two parallels 
of latitude, fo far diftant from each other, 
that the longeft day in one diiFers ,half ml 
hour from the longeft day in.rtfap.j^lbag'^ 
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The climates are reckoned from the equa- 
tor to the polar circle, where the longeft da^ 
is twenty-four hours ; from the polar circltf I 
towards the pole the climates are faid ta ] 
increafe by a whole natural day, till theji^ 1 
come to a parallel under which the longeft 
day \& fifteen natural days, or half a month; 
from this the climates are reckoned by half 
months, or whole months, in the length of 
the artificial day, till they come to the pole 
itfelf, under which the day is fix months 
long. 

PROBLEM XXXIII. 
[To find all thofe places within the 
polar circles, on which the fun 
begins to (hine, the time he fhines 
conftantly, when he begins to dif* 
appear, the length of his abfence, 
as well as the firfl: and laft day of 
ibis .appearance to thofe inhabi- 
.'tants ; the day of the month, of 
latitude of theplace, being given^ 

- ^ I . Bring the given day of the month on 

back itde .of the Arong .brafs. meridilo;, 

to 
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to the pkne of thebroqd paper cii^clcy the Tuif 
is juft then beginning to fhine on-all-thdf^ 
places which. are in that parallel, juft. touched 
by the edge of the broad paper circle; and 
will foi: feveral days feem' to fkim all at cmnd^ 
and but a little above the horizon, jufl as 
it aippearfe to us at its fettifig ; but with this 
obfervable difference, that \th€reas our fct- 
ting fun appears in one part of the horizon . 
only, by them it is feen in every part there- 
of i from weft to fouth, thenpe eaft to northr . 
and fo to the weft again. 

Or if the latitude was given, elevate the 
globe to that latitude, and on the .back fide 
of the ftrong brafs meridian you obtain the 
day of the month, then all the other requi- 
fites are anfwered as above. 

As the two concentric Ipaces, which con- 
tain the days of the month on the back fide 
of the ftrong brafs meridian, are graduated 
to ftiew the oppofite days of the year, at 
1 80 degrees diftance ; when the given day 
is brought to coincide with the broad paper 
circle, it fhews when the fun begins to fhine 
on that parallel, which is the firft day of its 
appearance above the horizon of that paral- 
lel : and the plane of the faid broad papei^ 

circles 
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fclrcle cuts the day of the month on the op-* 
polite concentric fpace; when the fiih begins 
lb difappear to thofe inhabitants ; !thu^ tfi6 
length : of the longefl day i^ obtained, by 
reckoning the number of days between the 
fwo oppofite days found as above; and their 
difFerenfcfe from 3^^ days gives the lerigtii'or 
their lorigeft night; • * *.: f 
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Tp find the length of any day in the 
year, in any .latitiidei, .. „: 

^52; Elevate ikt cekftid globe te» thetsSi^' 
tude, and fet the center of* the artificial^fdtt 
te his plibe lipoh the'fefeliptidKne 6ft%e 
jglobe fbi^ the given day^ atfld bring 4ts^ei#Ae^ 
to the ftrong brafs meridian, placiBgffh8' 
horary ii)dex to that XII \yhich is mpft ele- 
vated 'y then turn the glbbie till the artificial 
fbh cuts the eaftem edge of the horizbri, * 
and the horary index will (Jiew the^tifee of 
fun-rifing; turn it to the wefteril fide, . ^ud 
you obtain the hour of fun-fetting. . 

The length of the day and night will be 
ittainedi by doubling the time of funrrifing 
;^nd fetting^ as before.. : . > 

M PRO- 
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.PROBLEM XIQLV, 
1i4s> fixA the ieiigtii of the iongie^ and 

, . . . - ■ • 

• 'mOTtcft days in any latitude. ' 

■ -•»-•.■»■■•- ... 

.. 253* Elevate the globe ^cording to the 
latitude, -art; 189. and- place the center of 
the artificial fun for the loogeft day qpon the 
firft point of Cancer, but for the (horteft day 
on the £n[ft poiot of Capricorn, then pro- 
ceed as in the lafl problem. 

Kut if the place hath fouth latitude, the 
fun is in the firft point of Capricorn on their 
Iqog^diiy, and w thje fir^ pojpit pg Cancer 
on their ihorteft day . 

' Npte, This problem is pnly to be ufed 
ifi £ach latitudes ^ lie between ^h^ qprthem 
apd ibuthem polar circles. 

PROBLEM XXX\ri. 

To find the latitude of a pla$^e, ia 
which its longeft day nay be of 
any given length between twelve 
and twenty-four hours. 

254. Set the artificial fun to the firft p<ttflt 
of Cancer j bring its center to the ftrong 

brafs 
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K^ meridian, and fet the horary index to 
SEII ; turn the globe till it points to half the 
lumber of the given hours and minutes; then 
tevate or deprefs the pole, till the artificial 
&n coincides with the horizon, and that elc-* 
lition of the pole is the latitude required. 

PROBLEiM XXXVil, 
To find the diftance between any 
two piaces. 
255. Lay the graduated edge of" the qua- 
Irant of altitude over both places, and thfe 
lumber of degrees between them is their dif- 
»nce, which is reduced to geographical miles 
^ reckoning 60 to a degree, or to Englifh 
piles by reckoning 69I to one degree. 

If both places He under the fame merl- 
lian, their difference of latitude is the dif- 
bnce required. 
If they are in the fame parallel of latitude, 
ifeir diiference of longitude is nearly the 
Ni^tice fought, " provided the degrees of 
Ongitude be properly reduced X.o miles on 
e parallel on which they are meafiired : 
r a degree of longitude is not 69^ Englifli 
niles any where but at the equator; frotti 
frhich as the latitude decreafcs towards either 
M 2 pole, 
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pole. it. becomes 4ef8 and leis till it v^ 
ni/hcs into npthing at the poles themfelves, • 
viz. in go degrees of north or foutb lati- 
itude-rrv Wherefore, the. quadrant of ajititude 
y/jlh be alfo ufed here, as this will fb/sw 
the; djftance in degrees of a great circle, of 
which 69 miles and i may be reckoned to 
a degree : and this is indeed ' thd only me- 
tbod pf obtaining the true diftariee, (.which 
ought to be meafur^d rPJO the arch of a ' 
grjeaf circle, and not on any parallel of lati- 
tude^ which muft be a leflcr circle*" 



I / . > • 
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To jfind all thpfe places which arc 
at the. fame diftance from a givfen 
.'piace. 

^56. Redify the globe by problem XII| 
art. 189. and bring the given place to the 
ftrong brafs meridian > over which fcrew the 
center upon which the quadrant of altitude 
turi;>$ ; now move the quadrant round, an(L= 
all thofe places, that are cut by any oqp= 
point on the quadrant, are equally diftaaCJ 
from the given place. 

PROBLEIV— 
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PRO BliEM; XXXIX. 

To fliew at biie view upon the tcr- 
yeftrial globe for; any given place, 
the fun's meridian alti]tude, his 
amplitude, or point of the com- 
pafs, on which he rifes and fets - 
every day in, the ^year. 

257. Redlify the globe to the latitude, of 
the given place, art* 189. bring that place to 
the ftrong brafs meridian, ^Ad fet th? horary 
index to XII, fcrew the quadrant of altitude 
to the zenith of the horizon, and bring it to 
the brafs meridian, you will then at one view 
fee the fun's meridian altitude on every de- 
gree of the fun's declination for the whole 
year, cut by tjje gradiiated edge of the qua- 
drarit of Iflffftu^e, on thie dotted parallels ; 
thefe dotted parallels at the fame inftant alfo 
cut the edge of the broad paper circle now ^■ 
reprefenting the horizon, in the point of the 
compafs di" amplitude, on wliich the fun is 
feen to rift on the eaft, or to fet dn the weft 
fide' of the h6rizori, for evi^ry degree of de- 
clination throughout the year. ^' ' ' 
J:t,v.. ■;! M 3 If 



If you trace any of thofe parallels to tho 
ecliptic line, you liave. die fun's place when 
he is upoA that declination, and thenc^ tihu^ 
day and month upon the horizon,. 

Alfo, the knowled|^e of the fun's phtce 
in the ecliptic line> ihews the fun's dcdi-^ 
nation for that time a^ipngft t]^e dQHL^ 
parallels, 

PR OB I, EM XL. 

To fliew 2^t one view upon ^ 
terrefirial: globe the length of 
tb.^ days and nights at aay paif-. 
ticulaf pJac?> fo« all times of th^ 
year. 

258. Redify thie globe to th? lajtitudp pC 
the place^ art. 189. and the broad ^^pei; 
circle will repreijent th^ horizon.: aftd the 
upper part of the dotted parallels of decline-? 
tion^ which are here alio parallels.of J^tltuxkii 
will reprefent the diurnal arches. 

Whence we may obtain the number of 
hours each pf thepi, contains, . wJtiich is. the 
iplution of ^ pro^cmt Tp Uluflfajt? 
Which^ , 

Plmt9 
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EleViite ^ globe to the pofiHon of ^ 
right fphere, art. 214. and you wtH> whH 
c«ie gtffidce bf 1^ dye^ ibe that all^ ^e dotted 
papalfek 0# declmatiorh^ a^ well as the eqet^ 
tor kffelP, at^ cut by thtf horizon into t!t(rtf 
eqtial^.parts. 

Therefore the inhabitants on the cqtii- 
nodial lifte have their days^ahd n^bts twelve 
hou^s letig ; that fe, the fun is ntwtt mbrtf 
nor eVer lefs thtfu twePve hours above therf 
horizon, during hi* app^tfent paffage, front" 
the tropic of Cancer trf the tropic of Capri-- 
cofn, and- ti^ncci to Cincet again. 

All' the fixed ftar^ have die :&nte appa*' 
rent motion to ^e equatorial inhabitant^; 
that is, ilhcf rife and fet, continue above, 
and are deprefled below, the horizon of 
any place upon the equator, exadtly twelve 
hours. 

Rai(e the north poie of the globe a few 
degrees of latitude at a time, and you will' 
fee the diurnal arches vviH'increafe in length, 
until Ae pole is elevated^ to 66 i degrees 
above Ae horizon : then the parallel of the 
fuh*s gtfeateft declination" will be as far from 
the eqDator.as the place itfcif is from* the 
pciey and^s parallel is the tropic of Can- 
• M 4 cer. 
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per, which will'juft touch tbt^ h^ri^oq in 
^nordi point. 

. And on the contrary we may obfervc, 
that the- fouthern p.^rAnels of declinatioi^ 
continually fhorten^ ^s the nprthem ones 
lengthen, until they come to tl^e. tropic oC 
Capricorn. :' / : : .. 

Re(3ify the globe to the latitude of Lon* 
don 51^ degrees north : when the fun is iq 
the tropic of Cancer^ the day is about i6'| 
hours 3 as he recedes from thence, the (lays- 
fhorten, as the length pf the diurnal arche$ 
of the parallels fhprtens, unt^l the fun come^ 
to Capricorn, and then the days are at the 
fhorteft, being of the fame length with the 
nights, when the fun was in Cancer, viz, 
about 7i hours, 

Reftify the globe to the altitude of die 
northern polar circle, and you will find^ 
when the fun is in Cancer, he tpc^ch^s the 
l^ori^on on that day without fetting, being 
completely twenty -four hours above the 
horizon : and when he is in Capricorn, he 
once appears in the horizon, but does not 
rife for the fpace of twenty-fpur hours; 
when he is upon any other parallel of dq- 
cjination, the days are longer or ihorter, as 

that 
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bat parallel is nearer to, or farther from, 
^ equator. 

Elevate xhe globe to the latitude of 8» 
legrees north, at which time let the fun's 
fleclination be 10 degrees north, he then 
Pparently feenis to turn round above the 
lorizon without fetting, and never fets from , 
(his point to Cancer, until in his return, 
jfter he has again paffed this parallel of J 
Seclination. 

In the fame manner, when his declina- 
tion is 10 degrees fouth, he is juft feen at 
Boon in the horizon, and difappears from 
tiiat time in his Ibutherly motion, till his 
Kturn to the iame point. j 

Elevate the north pole to 90 degrees, or] 
1 the zenith, then the globe will be in the 
pofition of a parallel fphere, (art. 210.) and 
the equinodjal line will coincide with the 
plane of the horizon : confequently all the 
pprthern parallels are above, and all the 
(buthern parallels below the horizon ; there-- ' 
fore the polar inhabitants, if any there be,- 
bayc but one day and one night throughout 
the year; their day, when the fun is in his 
^Jprthern ; and their night, when he is in 
Hus fouthern declinatior]. 
■^^^^^^^^^^^Thj9 
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This method of redlifying the globe fof J 
north latitude holds good in fouth latitude | 
ahb, by elevating the fouth pole. 



:: PROBLEM XLI. 
r^dfiild what conftelktton any re- 
markable ftar, feen in the firma-j 
Hient, belongs to. 
259. Bring the fun's place in the eclipticl 
for that day to the ftrong brafs meridian, T 
wd fet the horary index to that XII whiclill| 
ia moll: elevated, the celeftlal globe being" 
rectified to the latitude, turn the globe till 
it points to the prefent hour ; and by the 
help of the mariner's compafs, and attending 
to the variation, which at London is be- 
tween 20 and 21 deg. from the north, weft-ii 
wand, fet the north pole of the globe tt>lj 
wards the north pole of the heavens. 

The ftar upon the globe (if you conceivtt^ 
yourfelf in the center,) which diredts to- 
wards that point in the heavens, in which 
the ilar you want to know is feen, is the Aar- 
required. 

At the fame time, by comparing tiic ftore*"' 

in the hcaveps with thofe upop the globe, 

the 



1 



I 
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the other ftars and their conftellatlons may 
be eafily kiki^wn i wherefey yau will be/ 
enabled, any ftar-light night, to point out 
manv of thofe ftars called corrcipondents tp 
various places on the earth, 

PROBLEM XUI, 

To ^n4 ^ what hour any knowft 
flap p^libs th€ memdian on anjp 
day in the year. 

zfyOf Rpdljf^ ^ globe to. the J^titudc^; 
(art. 18.9.) DAd i^ th« artificial fun to hi^ 
place ii> the epliptic ^ brijpg its center utod^- 
fhe ftrong brafs meridian, and fet the ho- 
rary indejc fp XII i then turn the globe 
till the ftar pom9$ to the meridian i and th? 
hprary index wili point upon the equator 
to the hour 00 which that ftar ViciP^be upoQ 
fhe fouth part of the meridian^ 

If you turn the globe on tilt the center of 
$he artificial fur^ is. under that graduated 
ftde of the brafs meridian, whiph is below 
)the elevated polfe, alP thofe ft^rs, which are 
then cut by^^at fide, of the meridian above 
the iaid' pote, -^11* pafs th^-- meridian at 
jnidnight. 
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PROBLEM XLIII. 

To find on what day of the year 
any ftar paffes the meridian at any 
propofed hour of the night. 

261. Bring the ftar to the ftrong brafs 
meridian, and fct the horary index to the 
propofed hour ; . then turn the globe till the 
index points to XII, and that degree on 
the ediptic, which is cut by the meridian, 
is the fun's place, againft whichi in the 
kalendar upon the broad paper circle, h 
the day of the month. 

PROBLEM XLIV. 

To trace the circles of the fphere in 
the ftarry firmament. 

262. We fhall folve this problem for the 
time of the autumnal equinox ; becaufe that 
inteyfedion of the equator and ecliptic will 
be diredlly under the deprefled part of thie 
meridian, about midnight; and then the 
oppofite jnterfedlion will bp elevated a^bove 
the horizpn : and alfo becaufe our firfl 

meridian 
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idian upon tlie terreftrial globe pafling 

lirough London, and the firft point of Aries, 

Ihen both globes are reiSified to the lati- 

ide of London, and to the fun's place by 

oblem XII, art. i8g, 192. and the firft 

lint of Aries Is brought under the gra- 

lated fide of each of their meridians, we 

ftjl have the correfponding face of the 

ieavens and the earth reprefented, as they 

tee with refpetfl to each other at that time, 

|tid the principal circles of each fphere will 

irrefpond with each other. 

The horizon is then diftinguilhed, if w6 

jtegin from the n©rth and count weftward, 

^y the following conftellations; the hounds 

and waift of Bootes, the northern crown, the 

head of Hercules, the fhoulders of Serpen- 

Ltorius, and Sobieiki's fliield; it paffes a little 

fcelowthe feet of Antinous, and thro' thofe 

of Capricorn, through the Sculptor's frame, 

£ridanus, the ftar Rigel in Orion's foot, 

the head of Monoceros, the crab, the head 

cz>f the little lion, and lower part of the 

^reat bear. 

. The meridian is then reprefented by thd 

guinoilial colure, which paffes through the 

r marked, i in the tail of the little beari 

under 



I 

he ^ 
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under the nbrtli pole, the pcrfe ftar, one 
the iiars in the back of Cafiiopca's cJialt' 
; laarkcd p. the head of Andromeda, thfi 
Wight rtar in the wing of Pegafus marked 
^, and the extremity of the tail of 
whale. 

That part of the equator, which is then 
ahove the horizon, is diftiiiguilhed on the 
wellern lide by the northern part of So- 
(jielki's ftiield, Uie flioiildcr of Antinous, 
^e head and veffel of Aquarius, the belly 
of the wejftern fiflj in Pifces -, it palTes 
- through the head of the whale, and a bright 
ftar marked S in the corner of his mDUth> 
and thence through the flar marked i in 
the belt of Orion, at that time near i 
caftern fide of the horizon. 

That half of the ecliptic which Is then." 
sbove tlie horizon, if we begin from the^ 
weftern fide, prefcnts to our view Capri— 
corniis, Aquarius, Pjfces, Aries, Taurus^ -i 
Gemini, and a part of the conftelktioil 
Cancer. 

The folftitial colure, from tlic weftei 

fide, paffea through Cerberus, and the hanc 

of Hercules, thence by iJie weftern fide o^ 

the conAellation Lyra, and through thfi 

dragon's 



i in I 

then. I 
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dragon's head and body^ throng the pole 
point under the polar rflar^ to th^ e^H; of 
Auriga^ through the ftar marked ii 4|i thcr 
foot of Caftory and .through the luutid an4 
elbow of !0/ion. v> 

The northern polar circle, from didt pact 
of the niedUUan under the elevated .pole, 
advancii?^ towards the weA, pskffes . through 
the 0iouldef of; the great beoF, thence a 
little to the ^orth of th^^ ikaa: mdrked a^ in 
the dr4goi)i's^ t^lj the gre^tjuiot of the drfH 
^n, the njiddle of . ^e 4»0dy c^ Cepheu^i 
the northern part of CafJiopeat .and bafti.of 
hpr throi^f ihfCtl^h Qamdoplrdalusi, 9nd 
th& head iofithe great bear. » . ' 

The tropic of Cancer, from the weftem 
edge of the horizon, pafles under the arm 
of Hercules, under the Vulture, thcbugUi 
the goo(b ind fox, which i$ under tbebeak 
and wing, of the fwan, under the ftar called 
Saad, marked 13 in Pegafus, under the head 
of Andromeda, and thro' the ftir marked ^ 
in Ae hotthem of the ^cnftellation Pilces, 
above^;^ bright ftar in (he head of the f^am 
mJU'ked ih through the Pkiadeli bdtvt^en 
the hocns. of the bu31, aud through a grbup 
of ftars at thisicMPt (^ Qt£x>r, theiicfe above 

a ftar 
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ft ftar riiai-ked #, betWe^n Caftdt-anid Pollilf^ 
and fo ihf oiigh" a pSrt of thi conftellatiori 
Gahcdr, vifhii'e i< dilapjtears fcj^pading under 
the eaftef n part of the horizon • ' ' 

' _ • 

The tropic of Capricorn, from die weftern 

* ' 

fide of the? hori2X)ri^ paffcs through the belly, 

• • ■ ^ 

and luftder the tail of Capricorn^ ' theoice 

» « • 

ttndfef Aqiiirius/ through a ftar m-Eridanifd 
marked c, thfece under the belly of thtf 
Whale, through the* bafe of the chfemidsil 
i^Fha^; whence "it goes under the hare cif 
th»^f(iet of Qh\6t\, being there dejJrefled 
uftdfa!' the horizon ;• * i ..: .*: :- 

•--Thefouthern polar circle is iitrifible td 
the inhabitants of London, by being lindw 

ottr horizon* 

» » * ■ 

To fiftd the time of the fun's (efitfjr 

' into the firft point of Libra ot 

Aties; and thence tte poiftt iii 

the equator to which the, fun is 

vertical at either of thofe times. 

/ 

263 • This requires- the knowledge of a 
meridian that fhall pafs through thait point 
in the equator, to which the fun is vertical 
at the times 6f equinox ; but as this point 

is 
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18 x^ariable^ a fiiced meridian nfiuft ht fkflr 
obtained. 

In Anno Domini 1753, the late Rev^^ 
Pr. Bradley obferved the fun to enter Libra 
on the twenty-fecolid of September^ 16 h.' 
24 min. after-noon, newftile, at the Royal 
Obfervatory at Greenwich. 

As the earth's diurnal motion is from 
weft to eaft,' it caufes all places to the eaft 
of any other place to pafs firft under the 
fun ^ therefore when the meridian of Green- 
wich pafTed under the fun that day, he was 
not then arrived at the interfefting point of 
the earth's equator and eeleftial ecliptic^ but 
wanted loh. 24m. which is equal to 156 de- 
grees i See the table at the end of the book for 
converting time into parts of the equinodlial; 

Whence the fixed or firft meridian fought 
is thus obtained, and lies 10 h. 24 min. 
in timey or 1 56 equatorial degrees weft of 
the Royal Obfervatbry at Greenwich. 

This meridian is marked by a dotted line 
on our new terreftrial globe s it pafTes thro' 
die great Pacific fea, and crofTes one of the 
Ifles of St. Bernard, and thelfle desMouche&i/ 

The next thing to be corifidered is the 
licareft mean length of a tropical year, which 

N is 
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i^ a determinate fpace or interval of time 
between ^he fun's apparent paflage from 
one point of the ecliptic^ until he returns to 
the fame point again, or from one equinox 
to the fame again, be it either vernal of 
autumnal. 

We take for our radix the autumnal 
equinox, anno 706 of the Julian period, 
which we call anno mundi o, and coiApute 
from Thurfday Odi. 25th, o h. o min. or 
noon, the fun being then fuppofed to be 
in the firft point of Libra on the meridian 
before mentioned, and vertical to that point 
of the equator, which lies 156 degrees weft 
of Greenwich. 

And alfo in the meridian of Greenwich, 
Oft. 25th, 10 h. 24 m. upon the 298th 
day from the calends of January. 

The tropical year thus reckoned exceeds 
the Egyptian year by 5 h. 49 min,. and is but 
II minutes fhort of the Julian year; (o 
much being annually allowed for the retro- 
ceflion of the equinox, confequently the 
mean length of a tropical year is 365 d. 5 h* 
49 min. 

We are induced to meafure time by this 
quantity, becaufe aftronomers unanimouily 

agree, 
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agree, diat the earth pafles through all the 
figns of the ecliptic, fo as to complete the 
circle in 365 d, 5 h. 49 min. 

See the relpediye |ables of Rudolphus^ 
Tycho Brahe, Caffini, Sir Jonas More^^ 
Mr, Flamfted, Dr. Halley, Mr. Meyer, 
and Mr. Mafkelyne; whereby it will appear 
that 



8 O. A // 



The fun*s mean tdotiori in ^ , ^ . - . ^ 
365 days is ^" ^9 45 4o 



,.,^ i ..„ 



o o o 27 

Subtradl, for retroceffion^ 1 

the fuixV mean motion > 27 

in 1 1 miiiutes of time, j 



d« h. m» 



The quantity of one Julian 1 ^ ^ - 5 ^ 
year is, j 



from which fubtrad the 
retroceffion 



} 



II 



Therefore the remainder 365 5 49 
completes the circle, and not one fccond of 
time mopp or lefs <::an be produced from 
9nf tdbks extant. 

N 2 And 
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And the difFerehce between calculating 
dbwn wards from the epoch A. J. P. yobi 
and calculating backwards in the modem 
praftice, from the various epochs in the 
nioft celebrated tables, is, that in thofe !af^ 
epochs^ thfe 1 1 minutes of retroceflion hav^ 
not been -confideredi 

From the vernal to the au- 1 ^ ^- ^ 
tumnal equinox j ^°^ ^^ 5' 

From the autumnal to the ]. o « 

vernal equinox J ^ 

I r ■ ■ I 

365 5 49 \ 

i 

The equinoxes regularly fall every yeaf 
5 h. 49 min. later in the day, than in the 
preceding year, and at the end of every 
Annual motion of the earth, the equinofiial 
interfeftion changes its meridian wefbvard 
of that in which it fell the year before, juft 
87 deg. 15 min* 

Precepts for the ufe of the tables 
of retroceffion and autumnal 
equinoxes. 

264. Firfl) Find the number of yearl 
from the radix : If the given year is be* 

fore 
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fore Ac ChrifHan aera, fubtraft it from 
4008 s the remainder is the year from the 
fadix. 

Secondly^ If any year fince the Chriftian 
sera be given^ add it to 4007, their fum i& 
the year from the radix. 
• Thirdly, Collect the days, hours, and 
minutes of retroceilion, and autumnal equi- 
noxes from the table, according to the 
number of years from the radix, in thou- 
&iids, hundreds, tens, and units ; add thefe 
into two fums, the firft will be the retro- 
ceffion, the fecond the time of the equinox 
in that meridian which lies 156 degrees 
wdl of Greenwich Obfervatory ; to which 
add 10 h. 24 m. and you obtain the time 
at Greenwich. 

. This method will ferve for any other 
meridian alfp, if you . add its difference in 
time froni the fixed meridian. 

Sohu" tropical years thus reckoned begin 
and end at the autumnal equinox, and all 
Julian years begin and end at the kalends 
of January *. 

N 3 In 

• The kalends of January begin from the noon 
of the preceding day ; that is, from the noon of the 
day .before the firft day of January, 
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la comparing folar tropical yeart- with 
Julian years, by which we fHU ooqtipute 
time, obferve, that the laft nine months 
of any folar tropical year anJEwer to the firft:: 
nine months of that Julian year with whid^ 
it is compared ; and that the £rfl thre^ 
months of the nei^t fucceeding tropical year 
anfwer to the three lafl months of that fame 
Julian year with which it is compared. 

The 298th day from the kalends of Ja- 
nuary, which was Thurfday in the 70j6tii 
year of the Julian period, the fun entered 
Libra at noon; at which inftant it was ipli* 
24 min. paft noon at Greenwich. 

In all calculations of autumnal equinoxes, 
we take the fame 298th day, or Odober 
25th in the radical year o, for our epoch. 

And to gain the day of the month in 
which the equinox muft happen fince thf 
radix. 

Add the number of days, hours, and 
minutes in the retroceflion, to the days, 
hours, and minutes of the equinox in the 
fixed meridian, and you obtain the Julian 
days and hours from the radix. 

Add the epoch 298 to the days of the 
tropical reduftion, and from their fum fub- 

tra^ 
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tradl the entire days of the Julian reduc- 
tion, the remainder is the number of days 
from the kalends of January old ftile; 
add thereto eleven days, and you obtain the 
number of days from the faid kalends of 
January new ftile; from which if you dedud: 
the neareft lefs number in the table of 
months (which numbers exprefs the laft 
days of each month) the refidue is the day 
of the fucceedrng month. 

But when the fum of the Julian reduc- 
tion contains eighteen hours above entire 
days, it is a biifextile year ; then one day 
more muil be added to the entire Julian 
days before the fubtradion is made. 

When there are no hours in the Julian 
reduction, that is the firft y/ear after a biflex- 
tile ; if fix hours, the fecond ; if twelve 
hours, the third ; and when eighteen hours 
above entire days, it is the biifextile year. 

And when the laft refult exceeds J2 
hours, add i to the days, and fubtrad: 12 
from the hours, and you change the time 
from aftronomical to the civil reckoning. 

To gain th.e time of the equinox on any 
other meridian, add tjie difference 0/ mcri- 
(^^ns to the time found in the firft roeri- 

N 4 dian. 
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dian. Thus for London or Greenwich wc 
add 10 h. 24min. for Paris ioh.'33inin, 
20 fee. for Alexandria in Egypt 12 h. 
25 min. &c. 

To gain the week-day. 

265. Divide the days of the tropical rcr 
jdudion by 7 j if o remains, it is Thurfday; 
if I, Friday; 2, Saturday; and 3, Sunday; 
and fo on to 6, which is Wednefday, as in 
the table of week-days. 

To obtain the time of the vernal 

equinox. 

266 • Firft find the autumnal equinox for 
the fame year in which the vernal equinox 
is required ; and from it fubtraft 1 86 d. 
1 1 h. 51 min. which is the diftance in time 
from Aries to Libra; their difference will be 
the time of the vernal equinox required. 

The day of the month, and week-day 
found as above, we obtain the literal cha- 
rafter for that day as follows. 

In the table of months ftand the literal 
(rharadters^ that are placed againft the firft 

day 
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^ay of each month in any conimon al- 
manack. 

And whatever letter ftands againft the 
firft day of any month, the 8th, 15th, 22d> 
and 29th days of that monfh, are all cha- 
raderifed with the fame. 

A circle of the 7 literal, or weekrdajr- 

fharaAers. 

■ \ 




The day of the month and week-day 
given, to find its literal' charader 
and dominical letter for that year* 

267. A. D. 1772, the autumnal equinox 
Jiappened at Greenwich, Scpteoiber 22d, 
ch. 55min. onaTuefday. 

Que RE, The literal charader for that day 
and dominical lptter§ fpr that year, it being 
J)ifrextile ? 

The 
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The literal chacadler for the ift of Sep-* 
tember is F; fo alfo is the 2 2d, andTuefday 
in the prefent queftion* Look on the circle 
«of week-day charadters, , call F Tuefday, 
G Wednefday, A Thurfday, and fo on to 
Sunday which falls upon D, the lafl of the 
two dominical letters for that year, ferving 
from the intercalary day to the year's end. 

The firft dominical letter for leap-years is 
the next in the circle, and'ferves for January 
and February, which in this example is E. 

Therefore the two dominical letters for 
the biflextile year 1772 are E D new ftilc. 

In any common year, the letter firft foun4 
ferves for the whole year. 

The dominical letter being known, to 
find on what day of the week any day in 
the year falls. 

Que RE, What day of the week is the 
5oth day of March, A. D. 1772 ? 

The literal charader for the ift of March 

is D, fo is the 15th and the 20th, being 5 

days more, if we count from D, which 

happens to be the dominical letter, to E 

Monday the i6th, we fhall find B is Friday 

the 20th day of March, A. D. 1772, new 

ftile. 

If 
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. If die dominical lettiirs were required 
foT' old ftile, ia thefe examples the £r& 
would be the nth of September 1772, 
whofe literal charafter is thus found, F the 
I ft day of September, and alfo the Sth, 
C the 9th, A the loth, and JB the iith^ 
and by the following calculus Tuefdayi 
therefore A C are the dominical letters old 
ftile^ A,D. 1772. 



268. Re- 
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7,6%. Required the autumnal equinox ^ 
Alexandria in Egypt, in the 146th year be-* 
ibrc the Chriftian iEra. 



4008 
— 146 

A. M. 3S62 or years from the radix, Od. 25, A. J. P. 706. 

Retroceffion. Tropica] redodtion. 

Yeara i radix d h. min.' days a radix, h. niii>. 

3000 22 22 o 1995727 2 o 

800 6 2 40 292193 21 20 

60 on o 21914 13 o 

2 o o 22 730 11 38 

* 29 12 2 7)1410565 23 58 

9 I ■■!■ ■ 

weeks 201 509-!-^ Saturday. 

d. h. mvs^ 

Tropical days 56^ tropical time 141056^ 23 $8 

epoch -{- 298 retroceffion -(- 29 12 2; 

863 Julian red udlion 1 41 0595 '^ ^ 

Julian days — 595 the 3d year after 

— - bifTextile. 

268 ■ 
for Aaguft — 243 



^ Sept. 25 d. h. min. 

a kal. Jan. 268 23 58 fixed meridian, 
meridian diil. -^ 1225 

The fun in the firft point of } ^z- *. a 1 j • 

Libra Sept. 26, T^^ i^ 23 at Alexandria 

On a Sunday, dominical letter C, in the 147 
year before the Chriftian iEra. 

269. 
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269. To find the time of the vernal 
equinox in the fame year^ and at the fame 
place. 

From the aatumnal eqainox, Sept. 26, i ) ^ 

kal.Jan. Z] J ^^ " '5 

fobftraa the diftance in tune beM^een Y i . oic 

»BdA J 186 „ 5T 



i« 



83 II 32 

for February 59 



The fun in the ift point of Aries at Alexan- 1 
tdria before Chrift 146 years. March j ^^ ° 3« 

. 270. To find the time of the autumnal 
equinox at Greenwich, A. D. I768. 



4007 
+1768 



A. M. 5775 or years from the tkibli. 

■) Retroceffion, Tropical redndion. 

Years i radix d. h. min. days a radix h. min« 

5000 38 4 40 1826211 19 . 20 

700 5 8 20 2^5669 15 49 

70 o 12 50 25566 23 10 

5 o o 55 1826 5 ^ 

44 2 45 7)2*09274 15 15 

weeks 301 324-^-6. W^dnefday, 



Tropical 
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Tropical days ^7t tiopical time ^109974 15 ij 

'^^oUl ^298' tetrocdBon 4^ 44* 2 45 

•—* Mil i I I ' wi— i— ipf—ir 

57i 2169318 il d 

Jul. days -{- < *~3 > 9 becaafe of the 1 8 h. bifiextile year. 

253 i kal. Jan. old fixle 
ftr AeW ftile 4- I < days 

264 i kal. Jan. new fiile 
ffit Aagaft — 245 

* in A Sept 21 d. h. min. 

in the fixed meridian ^ kal. Jan* 264 15 ij 

meridian diftance 4- o 10 24 

the fan in the tft pomt 6f Libra at Greexi- 1 ' , 
Wich, Sept. 22, J ^^S * 39 

' ifjt. iTo find fhS time of the vernal cqui-i 

nox^ A.D. i;^68. 

d. n« min« 

From the autumnal equinox, Sept. 22^ 265 i 39 

fttbfiraa dift. Y a ;:si 1 86 1 1 5 1 

78 13 48 

for Feb. 59 o o 



mamm 



The fan in Aries at Greenwich^ A, D. 1 768, 7 ^ ,0 

Maii:b r9 13 48 



272* Havin 
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272. Hiaving found the aiitumiid atad 
Vernal equinoxes for the biflextile year. A* D. 
1768, We obtain them for the three fol- 
IdWmg yt^fs by continually addiiftg thereto 
5h. 49 min. thus : ^ 

^ in Y d. h. min. O in iSi ^. Ii; mu 

1768, March 19, 78 13 48 - 1 768, Sept. 22, 265 i 39 

+ 5 49 + S 49 

1769, March 19, y% 19 37 . 1769* Sept. 22, 165 7 28 

+ 5 49 • + 5 44 

1770, March 20»> 79 i 26 - 1770^ Sept. 22> 265 13 17 

+ 5 49 + 5 49 

1771, March 20, 79 7 15 - 1 771, Sept. 22, i6^ 19 6 



273. Required the time of the autuitanai 
equmox at Greenwich, A. B. 1772^ 



4007 
177* 




A. D. $779 or years from the radix. 


Retroceffion. 

Yean a radix, d. h. min. 

5000 38 4 40. 

700 5 8 20 

70 12 50 

90 I 39 


Tropical redu6lid04 

days a radix. ' h. miii*. 

1826211 19 20 

255669 15 40 

25566 23 10 

32S7 4 21 



4'4 .3 29 7)2110735 'H 31 

webks 301 533^*4 Ittpnt^^X* 



Tropical 
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Tropical days 735 to the tropical time zr 10735 ^^i{ 
epoch -|- 298 retroceffion -{- 44 3 ^9 

1033 21 10779 18 o 

Jtil.day8-t-i«^78o becaufe of the 1 8 h. bilTextile year. 

i^3 akal.jaii.oldftile 
for new ftile -4- 1 1 days 

264 a kal. Jan. new flild 
for Attguft — 245 

©in Libra Sept. 21 d. h. mit; 

in the fixed meridian i kaL Jan. 264 14 31 
meridian diilance -|-^ 6 10 24' 

The ftifi in the firft point of Libra at Green • "t ^5 - q 

wich, Sept. 22 j J 5 ^^ 

On 8 Toefday : Dominical letters £ D« 

274. To obtain the Vernal equinox^ 
A. D. 1772, 

d. h. din* 
From the autumnal equinox, Sept. 22, \ ^ 

a kal. Jan. J ^ ^^ 

diftance from Aries to Libra 186 11 51 



78 13 
for February 59 



The fun in the iirfl 



point of Aries' at 7 
Greenwich, Mar; J ^ 



n 



We find the two equinoxes in the three 
next fucceeding common years, as in the 
preceding example, by the cohtiniial addi- 
tion of 5 hours, 49 minuteaw 

By 
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By this method of calculation^ we avoid 
any miftake that might happen with relpeft 
to the intercalary day 1 becaufe we find the 
autunmal equinox firftj^ and thence the ver-^ 
nal equinox, which always Mis after the 
intercalary day, and alfo becaufe tropical 
time has no biffextile years. 

To reduce hours, minutes, ana 
feconds of time, into degrees, 
minutes, and feconds of the 
equator. 

275. Divide the feconds of time by 4, 
^9he quotient is minutes^ and remainder fo 
:siiany times 15 feconds. 

Divide the minutes by 4, the quotient is 
^egf eesi and remainder fo many times 1 5 
.^minutes. 

Multiply the hours by 1 5, the produft 
^6 degrees. 






/■•■ 



,•'•• s 








1 • • • -. • . .^ , 

.-. ■ '. ••■ •-•,, \ 

v.--' ''^^ <"\r/- 

■*'"* - • - - 


0' 
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Redu^iS n fe. 35 tain. 27 (kc. of tim« 
into degreeis> minutes^ &;C4 of the equat<Mr« 



fee. 


ipin. 


h. 


deg. 


mih. fee. 


4)2^ 


4)35 


II 


'H 


6 


a» 





»5 


8 


45 
6 4J 


tf/ 4j// 


8° 45' 











1650 








> 


anfwet 


m 


5» 4J 



To reduce degreiesi minutes, and fe- 
conds of the equator, into iiours, 
minutes, and feconds of time, 

276. Divide fecQn4s by i5» the quotient 
h fbcondis, ^nd remaiii4icr fi> many tinges 
4 thirds. 

Pivide miiiutes by 15^ the quotient is 
minutes, and remainder fo many tim^ 4 
feconds. 

Divide the degree^ by i5» the quojdisiuti^ 
hours» and remainder fo many times 4 
minutes. 



Example* 



iCHeftkl and ftrrejndl ^hhes. I9I 

kedilce 173 deg. 51 min. 45 fee. bfthd 
^[uator into hours> minutes> and feconds of 
time. 



fee. 

45)45(3'' 
45 


min. deg. h. 

45 '5 

6—24'' 23 
"5 


h. min. 

11 32 
3 
6 6 


ftc; . 


^4 
3 


V 


" 35 


27 aafivefi; 



We are now prepared to folve the lat- 
ter part of the laft problem, which is as 
follows < 

PROBLEM XLV. 

*to find all thofe places in which it 
is noon at the time of an equinox, 
as well as that point upon the 
equator, to which the fun is Ver- 
tical at that time* 

277. Having found the time of an equi- 
nox by the preceding, or any other method 
of calculation, as in the firil example, we 

O 2 find 
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find the fun entered the firft point of ArieS 
at Alexandria in Egypt, March 24th^ o h* 
32 min. 

The 32 minutes of time reduced to the 
equator, are equal to 8 degrees. 

Therefore bring Alexandria under the 
graduated fide of the ftrong brafs meridian, 
and fet the horary index to XII upon the 
equator, turn the globe from weft to eaft 
until 32 minutes of time, or 8 degrees of 
the equator have pafled under the horary 
index, where ftop the globe -, then all thofe 
places under the faid graduated fide of the 
ftrong brafs meridian will have noon, and 
that degree of the equator, which is then 
under the meridian, is the point to which 
the fun was at that inftant vertical, and is 
the interfering point of the equator and 
ecliptic, or that terreftrial meridian, which 
governs the paflage of the firft point of" 
Aries iqt that year. 



The 
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The vernal equinox, A. D. 1772,. 
happened on the 19th day of 
March, at 1 3 h* 4 min. which 
reduced to the degrees and mi- 
nutes of the equator, is equal to 
196 degrees. - \ 

2.yi. Bring London to the ftrong brafs 
xneridian, am) fet the horary index to XII, 
(in this cafe the graduated fide is the ho- 
rary index) turn the globe frpna weft to' 
until 13 h. 4 min. of time, or 196 de-. 
IS of the equator have pafled under the 
I:^ oiary index, where flop the globe ; th? 
X Q6di degree of the equator will now be 
found under the graduated fide of the braft 
cridian, and is that point on which the 
was vertical at noon i at which inftant 
it -vffz:^ 13 h, 4 min, paft noon at London 
Or Greenwich. 

The meridian paffing through this point, 

^^ill be feen to pafs a little eaftward of 

. ^Camkatika through the Pacific Sea acrofs 

-the ifland Dicerta, . thence eaft of the ifle 

**aumago, and through the weftei n part of 

% O 3 l^^vi 

) 
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New Zeland ; all which places will havq 
n<¥)n at the inftant of that vernal equinox. 

The autumnal equinox, A.D, 1772, 
happened September aad, o h. 
55 min. at London, the 55 min, 
being equal to 13 deg. 45 min. 
of the equator. 

279. Bring London to the graduated fido 
of the ftrong brafs meridian, and itx. the 
horary index to XII, turn the globe from 
weft to eaft, until 55 minutes of time, or 
33 deg. 45 min. of the equator have pafled 
under the horary index, where flop the 
globe ; here, as in the laft example, the 13th 
degree and 45th minute is that point upoq 
the equator to which the fun is vertical, 
and the meridian paffing through this point, 
lies under the graduated fide of the ftrong j 
brafs meridian i which pafles over the mid- ^ 
die of Greenland, and through the Atlantic^ 
Ocean to the eaft of Teneriffe, a little to ih^Bi 
weft of Afcenfion Ifland, and thence throuj 
the Ethiopic Ocean, at which places it waK_s 
j^oon at the t ime of this autumnal equinoj^. 
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Here it will be proper to give the reader 
% ftiort account 



I' Of the natural agreement between J 
the celeftial and terreftrial fpheres ; 



rfefti 



f 



» 



or, How to gain ; 
the lituation and diftance of all 
place? upon the earth, by the fun 
and ftars, 

280. That part of the firmament, which 
is in the zenith of London, is perpendicular 
to half the globe of the earth ; which half 
comprehends almoft all the habitable land 
of Europe, Afia, Africa, and America, with 
their coafts, capes, land, and feas; fince 
under the other celeftial hemifphere, which 
we do not fee at the fame time, there are 
only very inconfiderable lands and ifles. 

The inhabitants of Great Britain and Ire-r 

land nearly fee the fame half of the tirma-^ 

picnt adorned with ftars and planets, whlck 

at all times fupply the place of an immenfe 

of the world ; and {hew our terreftrial 

fphere by the ftars, conveying the cor- 

O 4 refpoiidcnt 
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refpondent marks of th0 two continents tci 
our fight and mind* 

The fiin, by his apparent daily motion, 
feems to defcribe a kind of ipiral^ in paffiag 
from one tropic to the other and back agdnji 
continually changing his declination, ^d 
every day defcribing a different parallel^ 
art. 171 f . 

Forty-feven of thefe diurnal pandleU. are 
drawn on our new terreftrial globe, art. 177, 
178, between the tropics pf Cancer an4^ 
Capricorn, reprefentihg the parallels for 
every degree of the fun^s declination. : 

Before the reader proceeds, he is defired; 
in order to be perfefily acquainted with tho 
caufe of the daily change iq the fun's dedi-y 
nation, to go back to art, 185, and read 
from thence to the 189th art. 

Which being done, it will be eaiy to 
conceive, that the fun being in any x>ne of 
thefe parallels, muft neceffarily call his per- 
pendicular rays that day upon the heads of 
the inhabitants of thofe places thro' which 
that parallel of declination pafles. 

Note, Although thefe 47 parallels are 
|iere called parallels pf declination, they arc 
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fgA^ parallels of latitude upon the terreftnal 
globe* 

From tfeefe principles we <^tain the fitu^ 
atipm of thoie places^ to which the Am is' 
vertical every day in the year ; we alfb find- 
die' time of that ^y ^at the place of any ob- 
Jferver, from whence looking at the fun, we 
may proijouijce hin:i to be over the heads of 
the inhabitants of divers cities ai^d ftates^ 
during the feyeral hours of that day, and fo 
pn fpi: every day in the year; 

The fun being perpendicularly over any 
pne of thefe diftant cities or principalities, 
at the timp of our obfervation, if a plumb- 
line be held up between the obferver and 
the fun, fo as to pafs through or before 
the fuq's center, it will cut the vifible ho- 
rizon in a point, that will fix the bearing 
pr pafl!age in a right line from the obferver 
to that place, upon which the fun is then 

yerticaU 

A point thus noted upon the vifible ho- 
rizon may be feen at all times, and repre- 
fent the fame bearing, independent of the 
iiin and ftars, and that in fuch a confpicuous 
manner as to render this knowledge always 
entertaining, ufeful, and ipterefting, 

^^ ''''■" " The 



fThft fltrs M night perform the fame ixHifl 
copioufly^ by pointing out to our fenf^s th« 
dUl9|ig(5 oi miny remote fiftovinces^ at one 
andtdsie (kn^iilAant of timCj, frofq our own 

sfenitht 

Hence we $tre in pofTenion of a mof^ 
^tenfive fields wfaetein we may corre£t andi 

improve our aflroiiiomical and geograph|c4 
I^nowledge* 

Examples of folar cbrrefpondents, 

PROBLEM XLVL 

To find the folar qoirefpondence to 
a fixed point upon the earth, 
when the fun is feen by an ob-^ 
ferver, fituated upon any other 
point of its furface, 

Example I. 

281. Let the obferver be in London (or 
in any of the country places within thirty 
miles of it) upon the loth day of March, 
at 1.0 minutes paft XI o'clock in the 
morning. 

QUBRE, 
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QuERE, The place upon which the fun 
<f ill be vertical at that time ? \^ 

Redtify the globe, by bripging the lotH 
of March, engraved on the back of the 
ftrong brafs meridian, to the plane of the 
broad paper circle; find the fun's place^ 
pgainft the day of the month in the kalen- 
4ar, which wDl be about 20 deg. 10 min^ 
jn Pifces ; feel^ thefe degrees and minuter 
in the fign RQIres upon the ecliptic line on 
the globe, anc you will find it fall upon 
the fourth parallel of fouth declination : to 
^11 the inhabitants on this parallel, the fun 
will be vertical that day, Now bring iih. 
10 min. on the equator to the graduated 
fide of the ftrong brafs meridian, and you 
will find it cut the fourth fouthern parallel 
upon the- city of Loango^ on the weftern 
poaft of Africa. 

Thcrefqre if yoi^ look at the fun 10 mi- 
putes paft XI in the morning at London^ 
you will then fee him at the inftant he is 
diredly over the heads of the inhabitants of 
jhe city of Loango ia Africa ; at the fame 
fime, your ideas are made fenfible of the 
comparative diftance, which you fee in the 
firmament between the zenith of London, 

under 
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under whicK you ftand,» and the fun, which 
is then in the zenith of Loango; alfo if at 
the time of your obfervation, you caufe a 
plumb-line to be held up between you and 
the center of the fun, and caft your cj^ 
down towards the moft diftant part of your 
fenfible horizon, the plumb-line will cut 
a point thereon, which, if remembered, will 
always flhew you the true bearing or point 
of the compafs, in a direft kine from your 
Situation, to that of Loango, 

This diftance and bearing may be nearly 
found by the globe thus : 

Elevate the globe to the latitude of Lon- 
don, that the broad paper circle may repre- 
fent your horizon ; fcrew the nut of the 
quadrant of altitude in the zenith, that is, 
upon 51 deg. 32 min. counted from the 
equator towards the elevated pole, bring 
London under that point, and lay the gra- 
duated edge of the quadrant upon Loango, 
which will cut the bearing 15 degrees, 
reckoned from the fouth towards the eaft, 
or between the points SSE and SbE; now 
feparate the quadrant from the globe, and 
lay its graduated edge upon Loango and 
London, fo that the beginning of the gra- 
duation may lie upon one of the places, then 
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the other will cut 56 degrees, which is 
equal to 3360 geographical miles, or 3892 
Englifh miles, the diftance between London 
iand Loango. 

To elucidate this example, we fliall trace 
the fun's verticity over that part of this 
day's parallel of declination, which is in- 
cluded between the rifing and fetting fun at 
London for that day. 

Imagine, as we have before fuppofed, an 
image of the fun to be painted upon the 
cieling of the room, diredly over the ter- 
reftrial globe. 

Let the globe be reftified to the loth 
of March, place the center of the artificial 
horizon upon London, and bring it into a 
coincidence with the weft fide of the plane of 
the broad paper circle, now reprefenting the 
edge of the earth's illuminated difc; we 
ihall then have the pofition of the earth 
with refpedl to the fun for that day ; when 
the inhabitants of London will be leaving 
the twilight, and pafiing into the firft point 
of day. Of fun-rifing, at about 1 8 minutes 
paft VI in the morning, cut by the gra-* 
duated fide of the ftrong brafs meridian on 
,the hour line under the equator ; at this 

time. 
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timei the meridian will like^viie crofs tfatf 
fourth parallel of foUth declination^ itk thtf 
Indian Ocean ^ between the iiland of Sumatra 
and the Maldive Ifles i if we look upon fbtf 
fun that morning at the inftant of his rifingy 
we iliall fee that his diilaniE^ f^om our zenith 
Ifirill then be 90 degrees^ he beiQlg; in our 
horizon^ which is- equal to 5400 geogra- 
phical or 6155 Englifh miles^ the diibuice 
from London to that part of the Indian Sca^ 
turn the globe from weft to eaft, until 
8 h. 12 min^ are under the horary index^ 
which in this cafe is the ftrong brais meri-* 
dian> and it Will cut the iile Ma4;arenhas» to 
Ijirhich the fun wiil then be perpendicular $ 
at \ paft IX he will be perpendicular to the 
coafl of Zanguebar^ his central ray pacing 
between Monibacca and Pemba i thence it 
pafTes over the kingdoms of Moa£>nuigi# 
Macoco, Congo, &c* until he is peq^ft^ 
dicular to the city of Loango^ upon tfat 
weftern coaft of Africa, at 1 1 h. 10 min;: the 
fame morning; immediately ^fier wipidl, 
his perpendicular rays are abibrfaed in the 
Ethiopic Ocean, over vHbdch he is 3 hi 
22 min. in pailing to Fort St« Lucar, on 
the eaftern coaft of America, ai; 32 minutes 

paft 



V. 
r. 
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paft II in the afternoon) thence he proceeds 
to fend forth his perpendicular rays oVer the 
heads of the inhabitants of Erazi}> acrofs the 
Vaft country of the Amazons and Peru, ifi 
the decline of our evenings until his arrival 
over Cape Blanco on the Weftern fide of 
South America^ a little before he lets to the 
inhabitants of London^ which is about 40 
minutes paft V o'clock^ 

Example IL 

282. Every reAification being obi^rved 
as in the firft example ; Q^What is the place 
upon which the fun is a correfpondent at 
48 minutes pad VI in the evening of the 
1 8th of May, the fun's place being about 
17 deg. 40 min. in Taurus, or nearly vertical 
to the 1 7t}v^ parallel of north declination on 
that day ? Turn the globe from wefl: to eail, 
until London has paiTed the ftrong hv^Xk 
meridian, and flop when its graduated fide 
is diredly over 6 h. 48 min* afternoon, and* 
it will cut the 17th parallel of north de- 
clination, the city of Acapuko oh the 
weftern coaft of Mexico, aver whidi the 
iim will then be vertical 

EXAMPLB 
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Example III. 

ft. 

283. Let the obferver be at Cape Clear 
on the weftern coaft of Ireland, oft the i6th 
day of July, at 54 minutes paft VIII in tbe 
morning. 

QuERR, The place tipon which the fail 
will then be vertical ? 

The fun's place being in the 24th degree 
of Cancer, which on the globe falls upon 
the 21ft parallel of north declination^ 

Bring Cape Clear to the graduated fide of 
the ftrong brafs meridian, and fet the horary 
index to XII, turn the globe till 8h. 54 min^ 
amongft the mori^ing hours are under the 
horary index> and you will find the gra- 
duated fide of the ftrong brafs meridian to 
cut the 2ift parallel of north declination 
upon Farrat in Nubia, on the weftern coaft 
of the Red Sea. 

Example IV. 

284* Let the obferver be at Rome on thtr 
2oth day of November, at 37 minutes paft. 
X in the morning. 

Que RE, The place upon which the fun-> 

will be vertical at that time ? 

Th 
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V - 

The fun being about 28^^ degrees 'in 

» 

Scorpio, which falls to the fouthward of the 
20th parallel of fouth declination. 

Bring Rome to the graduated fide of the 
ftrong brafs meridian, and fet the horary 
index to XII, tiirn the globe to have 10 h; 
37 min. under the horary index, and the faid 
graduated fide wjU then cut, under the 20th 
parallel of fouth declination, the city of So- 
fala in the kingdom of Quiteri, to the fouth 
of Monombtaoaj on the eaftcrn coaft of 
Africa. 

We apprehend thefe four examples are 
fufficient to give the reader a clear idea of 
the folar correfpondents to all places within 
the torrid zone^ and to enable him to dif- 
cover fbme thoufands more. 

Although we can have but one folar cor- 
refjpondent at the fame time, yet, as in the 
iirft example, we can trace him through 
his diurnal parallel for every hour and mi- 
nute of the day, and fo alfo upon every day 
in the year. 

Nothing can be eafier or more intelligible 
than this method of improving the mind, 
\>y reprpfenting to the eyes the diftance 
from our own zenith to that of every ipot 
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of hnA and fea within the tropics i w&en 
at every fingle obfervation we have it alfb 
in our power to note the bearing of each 
of " thefe places upon our vifible horizon, 
which may be referred to^ at all times^ when 
the fun is not in that parallel. 

Let us now change the icene^ and pro-* 
ceed from the confideration of the fun, to 
that of the ilars ; which will prefent to our 
view a copious iield of geographical know- 
ledge; many of thefe may be icen at 
one and the fame inflant of time, when 
they are in the zenith of fo many difie^ 
rent places upon the earthy and then im- 
mediately afterwards remove from that 
deiigaation, to give place for a great num^^ 
bcr of others. 

Of the celeftial correfpon<IentSr 

r 

285. The knowledge of the celeftial cor- 
refpondents difcovers a new fyftem of aftr< 
nomical geography. The perfedl agreenien^ 
between the celeftial and terreftrial fphen 
conftitutes this fyftem; which may with Vi 
little trouble be underftood, by making th ^^ 
ftudy of one a guide to the knowledge of HtmJt 

othec^; 
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b^dier; the objeft of this correfpondence is 
-the continual variation between the parts of 
iJic ccleftial and terreiftrial fpheres. 

Geography albiiS being eafier than aftro- 
homy, has generally a particular place ih 
the education of young fttidents, who fel- 
dom leave their juvenile ftudieis without 
gaining fome idea of the four quarters of the 
world, a flight notion of the lituation of 
places with refpeft to each other, and a 
(ketch of the principal empires ; but gene- 
ttdly without any application to the ter- 
ireftrial, and fcarce ever a compafifon of 
that with the teleftial globe ; and without 
feeling a lively curiofity to become ac- 
quainted with thefe necelTary and improving 
branches of fcience. 

To facilitate thfe ftudy of geography. It 

has always been neceflfary to lay maps and 

charts before a pupil, which are generally 

Separate plans of different countries. But 

what idea do thefe afford of the vaft extent 

of* die earth, of its fpherical form, or of 

the proportionable difiances, real bearings, 

ted. of the empires, kingdoms, and flates 

cm the habitable part of our terreftrial 

globe ? 

P 2 How 
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How much more intelligible and juft are 
the proportionable diftances of the fixed 
ftars, when compared with the natural dis- 
tances of the feveral places upon the earthy 
over which they dart their perpendicular 
rays ; thereby conftituting this new fyflem 
of aftronomical geography, by ocular dc- 
monftration ? They are faithful teftimonies 
of the vaft extent of the univerfe, and they 
declare the diftance, bearing, and fituation 
x)f all places upon the earth. 

By thefe means, together with the aflifl* 
ance of maps and charts, fuch a copious 
and clear idea of geography will be attained, 
and its natural principles fo firmly eflabliih- 
ed, as never to be erafed. 

The confequences to be drawn from 
thefe principles are entirely in favour of the 
harmony between the celeftial and terreftrial 
fpheres* 

Of the paflage or tranfit of the firft 
point of Aries over the meridian. 

286. This point determines the apparent^ 

daily motion of the heavens, and fixes th 

continual difference in the courfe of the fu 

and ftars. 

Th 
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The knowledge of that particular poiht 
on the terreftrial equator, where its inter- 
ieAion with the celeftial ecliptic happens 
to fall at the time of a vernal equinox, 
points out that place upon the earth to which 
the fun is vertical at that time ; and from 
the knowledge of this we obtain the time of 
its paflage over any meridian upon the globe, 
for every day of the year. 

The conformity of the degrees of right 
afcenfion, with thofe of terreftrial longitude, 
happens * but upon one moment of the 24 
hours, in ^ natural day ; when the firft point 
of Aries is on the meridian of London, 
the firft degree of right afcenfion i« on this 
meridian alfo; and the fignal to confirm 
this is, when a ftar of the fecond magnitude 
marked y hear the extremity of the wing 
of Pegafus, is upon the meridian ; at that 
inft:ant, the equinoftial colure will be upon 
the meridian alfo; for this cplure paffes 
through the firft point of Aries and that 
ftar. 

This is the moment, in which each of 
die 360 degrees of right afcenfion in the ce- 
leftial fphere„ is perpendicular to every like 
degree of terreftrial longitude; ai which 

P 3 time 
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time there is a perfcdV paral|e]i{in;q[nd,pcr^ 
pendicular correfpqn^ence pf aU the circles^ 
points, and lines, in both fph^res. 

To this we l^ave p^d a ps^rtict^lar rfgar4^ 
in the conftruflion ojf pur new globes^ by 
numbering the degrees op the equator q$ 
the terreftrial globe, with ap upper row of 
figures \n the fame d^redion, as tho£b c^ 
right afcenfion are numbered upon th? cc-j 
Icftial globe. 

If fron> that inftant of time, v^l>en thc^ 
flar y of Pegafus is upon the nieyr|dian> w^ 
conceive the flaps to be immoveable^ ai;i4 
tha^ \ye, togethe;- with the glolje of the^* 
earth, are turned from weft to eaft upon the 
^qua,toriaI axis, we fhall perceive our owa 
mteridian to pafs fucceflively undpr ^very de-r 
gree and ftar on the celeftial equator. 

287. And that the reader may thoroughly, 
underftand what is meant by this unifprmity- 
in the twp fpheres^ let him imagine the ce- 
leftial globe to be delineated upon glafs, or 
any other tranfparent matter, which fhali^ 
inveft or furround the terreftrial globe, 
but in fuch a manner, that either may 
be turned about upon the poles, of the 
world, whilft the other remains fix^dj^ 

an4 
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aftd fuppoie the firft point of Aries, on the 
inrefting globe, to be placed upon the 
firft point of Aries on the terreftrial globe, 
^wfakh point is in the meridian of London) 
they will then reprefeiit that fituation of the 
heavens and the earth, we have been juft 
defcribing, on thatinftant, when the firft 
point of Aries is upon the meridian ; and 
then every ftar on the celeftial will lie upon 
every particular place of thj? terreftrial globe, 
to w'hich it is a correfpondent; each ftar will 
then have the degree of its right afcenfion 
dire&ly upon the correfponding degree of 
terreftrial longitude ; their decliiiation w^ill 
alfo be the fame with the latitude of thofe 
places upon which they lie. 

Now if the reader conceives the celeftial 
^ftvcfting globe to be fixed, and the ter- 
reftrial globe to be gradually turned from 
weft, to eaft, he will readily underftand, as 
the meridian of London paffes from one de- 
gree to another under the invefting fphere, 
that every ftar thereon becomes a corre- 
ipondent to another place upon the earth ; 
and fo on, until the earth has completed one 
diurnal revolution, or till all the ftars, by 
their apparent daily motion, have paffed over 

P 4 every 
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every meridian of the terreftrial globo^ 
Hence arifes an amazing variety in the 
harmony of both fpheres. 

If the fun and a ftar pafs the meridian 
pn any particular day, the next day the 
ftar will precede the fun about 4 minutes j 
in two days the acceleration of the ftar with 
refpedt to the fun will be about 8 minutes, 
in 4 days 16 minutes, in 8 days 32 mir 
nutes, and in fifteen days the apparent 
motion of the ftar will be accelerated one 
hour, whilft the fun, with refpedt to the ftar, 
will feem to be retarded one hour ; in one 
month the ftar will be two hours before the 
fun, in three months fix hours, Jn fix months 
twelve hours, and in one year twenty-fouf 
hours. 

So that a year after the fun and ftar have 
crofled the meridian together, they will meet 
again nearly at the fame time; but the 
ftar, inftead of feeming to make 365 revo- 
lutions, will have made 366, one more than 
the earth to the fun in a year. 

The right afcenfion of the firft point of 
Aries, is the complement of the fun's right 
afcenfion to 360 degree? of the equator, or 
to |he 24 hours of a natural day : this is the 

. poin^ 
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pointy frqm which the right afcenfion of tha 
fun» ftars, and planets is always reckoned. 

The reader will pleafe to obferve, diat 
in fpring and fummer, the firft degreed of 
right afcenfion, which is the firft point of 
Aries, comes to the meridian with us before 
noon ; there are no ftars then vifible in the 
night, but thofe which follow the firft point 
pf Libra ; th^t is to fay, thofe ftars which 
have more than 180 degrees of right afcenr 
fion : in autumn and winter thofe ftars arc 
vifible in the night, which foll&w the firft 
point of Aries, having lefs; than t 80 degree? 
of right afcenfion, 

Obferve alfo, that the interval between 
the paflage of the firft point of Aries over 
the meridian of any place, and that of the 
firft point of Libra over the fame meridian, 
is not 12 complete hours, but only 11 
]iours 58 minutes, to which attention muft 
be paid, left thefe two minutes fliould be 
fniftaken. 

By the pafl^age of the ftars over the 
meridian, we are taught the knowledge of 
thoie degrees of the equator, which are thdn 
pfing and fetting ; for that degree which is 

fetting 



ift^ting.piteecfos that on thie nieridkm 90 de« 
gre(3s> or fix hours ; and 1 8(t> degrees, or 
t^l ve hours that which is rifing ; and that 
4?gr6e of the equator, which 16 on the me* 
ridian under the elev^ated pqk, is 1 80 de-r 
grees diftant from that point of it which is 
pafling underneath the meridian, 

PROBLEM XLVII. 

To find th€ time of the right afcen-. 
fion of the firft point of Aries 
upon any meridian. 

288. We hav^ already fhewn by an eafy 
calculus, how to find the times of equinox 
to any meridian, but we have not yet (hewn 
their application to the right afcenfion of the 
firft point of Aries. 

The diurnal diiFercnce of right afcenfion, 
at the time of a vernal equinox, is 3 min. 
38 fee, which we have formed into a table, 
entitled, *' The horary difference in the mo- 
^* tion of the firfl point of Aries at the 
** time of a vernal equinox ;" to which is 
annexed, *^ A table of the difference of the 

** p^flage 
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^^ pflffagft of the firft point of Aries over the 
ff njeridian for every day in the year/' 

The ufe of the tables of ?^ghf afcen- 

fion.^— ' 

289. Having found me Junef of any vei^ 
nal equinox, and transfel»erit from the 
fixed to your own meridiaf^ by the addition 
pf your meridian diftance, ' 

Take out of the table of horary difFe-? 
' renccs, the motion anfwering to the hours 
and minutes of tjie time of the vernal equi-? 
nox, apd their fum will be the time of the 
paflage of the firft point of Aries over that 
meridian ^ the day on which> but before^ 
^e equinodtial interfedion happens. 

N. B. In taking out the numbers from 
this table, rcjeft the thirds, if they are under 
thirty ; if they exceed thirty, add one to the 
minutes found in the table. 

A. D. 1769, the vernal equinox fell on 

March 19, 19 h, 37 min. 

min. fee. 
hours 19 2 53 
minutes 37 o o 

A. D. 
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A. D. 1770, -the fun entered Aries, ^ 

March zp, i h. ^6 min. 

-_inin. fee. 
"■'"^"?'*; 'tours " r~,'o 9 

; ■ minutes 16 o 4 ^ 

Right arcenf;W,,.iP<>''].o ,3 paft noon. 

the eqainoal^aj!:, at- j 

. A'D- 1771. the vernal eguinox fell on 

Marct 2o;*'V h. 15 min* . 

■.' mm. fee. 
hours i.,7 I 4 
n>ioutesiC5 02 

RiehEafrenflonof Y O on? ^ a. ;,.: 

theequinoaulday,at- T ^ P^^J*"''- ■ 

■'■;"A. D. 1772, the fun entered Aries, 
March It), 13 h. 4 min. - 

min. fee. 
hours 13 I 58 ■' 

; minutes ,v+ o 1 

■ I 59 

The right afcenfion of the firft point of 
Aries, thus found for the day on whicH the 
equinox happens, holds good for the whole 
year, and is to be added to the difference 
of the paflage of ttie firft: point of Aries 
over the meridian found agalnft the day of 
thq 
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the month ; and their fum will be the time 
''&i^ji*P*^^^9 • tljg firft point of Aries will 
paGfsf the meridian. - * 

Obferve, when the equinox falls on the 
1 9th day of March in a year which is not 
biflextile, to feek the day of the month in 
the right hand column of the table ; and 
when it falls upon the 20th day of March^ 
feek the day of the month in the left hand 
column, againft which in either cafe, and 
under the name of the month, you have 
the proper difference of right afcenfion to 
be added to that found above for the day 
of the equinox. 

In biflextile years, feek the day of the 
month in the left hand column, to the end 
of February, and for the^ intercalary day, or 
29th of February, take out the difference 
of right afcenfion anfweriiig to the firfl of 
MarcKi, after which to the year's end feek 
the day of the month in the right hand 
column* 

Having thus found the right afcenfion of 

the firft point of Aries for any day in the 

jear, add thereto 11 h. 58 min^ and you 

obtain the time of the right afcenfion of the 

firft point of Libra. 

Example 






*■ *■" 
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Example I. 

A*D* ij(>gf equinox March 19; 

h. min. fe&i 
Jan. 25, 3 ij 2i^ 

* 59 



Right afcehfiort T0, 3 i6 23 

Nov. i4j 8 36 31 

-*" 2 59 

Right afccnfion T 0^ 8 39 30 



Example IL 

A.D* 1770, equinox March 20* 

h. min. fee. 

Feb. 25, I 24 52 

-+• o 15 



Right afcenfion T O 5 i 25 



Oft. i%f 10 26 35 

o 13 



Right afcenfion Y 0> 10 26 49 



EXAMPL 
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Example III. 

A. D4 i77i> equinox March 20I 

h. min; (ed^ 
Jan. 12, 4 22 46 



ftight afcenfion Y O, 4 23 52 



pMi 



December 16, 6 22 58 

-f- I 6 



>tttm 



Right afcedlion T , 6 244 

Example IV^ 

A. D. 1772^ equinox March 19* 

Biffexdle year. h. min. feCi 

February 28, i 13 3^ 

I 59 

I I IT 



Right afcenfiort TO, i 15 34 

The intercalary day, Feb. 29, i 9 50 

•I 59 



Right afcenfion T © , i 11 49 



«M^HWMi«BMMMinMft 



March 1,1 6 7 

* 59 



Right afcenfion T G , i 8 



■NMHMHM* 



Auguft 28, 13 28 17 



I II I < 



Right afcen (ion i* O, 13 30 16 

Thefc 
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Thefe four exiamples are quite fufficienf; 
if the reader compares them with the tahlef 
and precepts. 

In the 42d and 43d problem, art. 260^ 
261. we have fhewn how to find the hour 
that any known ftar comes to the meridian j 
and alfo to find the time of the year any fkr 
pafles the meridian at any hour propofcd : 
but inJJiat place we were not prepared to 
apply the right afcenfion of the firft point of 
Aries, fb properly for an obfervation of the 
ftars, as by the following. 

problem' xLviir. 

To find the time of the right afcen- 
fion of any ftar, up6n ariy par- 
ticular meridiah, on ariy dzf in 
the year. 

290. Fifft find the time of the right 
afcenfion of the firft point of Aries, art. 288. 
by problem 47, agreeable to your own me- 
ridian. 

Then apply to the cdefi:ial globe, and 
bring the given ftar under the graduated 
fide of the ftrong brafs meridian, which will 

cut 
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cut its right afcenfion, or rather its diftance 
in time or degrees, upon the equinoftial ; 
add this quantity exprefled in time to the 
right afcenfion of the firft point of Aries, 
and you will obtain the time of the paiTage 
of that ftar over the meridian very Aear the 
truth. Thus, 

The ft^r marked y in the head of Draco, 
will have 268 degrees, or 17 h. 52 min. 
of right afcenfion or difl:ance from the firft 
point of Aries, art. 276 ; which added to the 
right afcenfion of that point for the 13 th 
day of July, A. D/ 1772, gives the true time 
of its right afcenfion that evening: at 10 h. 
12 min. this ftar was over the heads of 
the inhabitants of London at that time, its 
declination being 51 deg. 32 min. equal to 
the latitude of this capital city. 

Note, In this method of working, when 
the hours exceed 24, dedudt 24 hours 
dieriefrom, and you obtain the true time 
ibught. 



C^ PROBLEM 
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PROBLEM XLIX. 

Tor ttOtiiy the eekftial globfe for any 
time in tlie evening of any day 
in the year, by the knowledge 
of the time when the firft point 
of Aries (hall pafs the meridian 
that day. 

291. As the degrees and boiirs upon th< 
equmodial line on our new globes^ ar( 
numbered from the firft point of Aries» 

Firft find die right afcenfion of that point 
by problem 47^ art. 288, for the given day^ 
and redlify the globe toyour latitude, art* i89-» 
then bring the firft point of Aries upon thfc 
globe, under the graduated fide of the ftrong 
brafs meridian, and fet the horary index to 
the hour and minute of the paflagc of Aries 
o, firft found : turn the globe until the giveo 
hour is under the horary index, and place it 
due north and fouth by the mariner's com* 
pafs, attending to the variation of the needle, 
and you will have a perfedl reprefcntation 
of the ftarry firmament, not only for that 
inftant, but as long as you pleafe to apply 

yourfelf 



Celejltat and ^errejlHal Glohes. iiy 

ydurfelf to the knowledge of the ftars that 
evening, by only moving the globe to any 
Other minute under the horary index as the 
time advances* 

Thiis on 'the 25th of February^ A. D; 
1770, about 46 minutes after V in the 
evenings the ftar called Al-debaran, or the 
Bull's-eye, was upon: the meridian of Lon- 
don, or places adjacent; about VI o'clock 
that evening, Orion began to pafs the me- 
ridian, and prefented a glorious view to 
the eyes of the obferver, there being fo 
many eminent ftars in that conftellation, 
then fucceffively paffing over the meridian 
iintil 4- paft VII ; all the ftars in Auriga^ 
or the Charioteer, pafled the meridian at 
the j&me time i after which Canis Major 
- iUcceeded with Syrius, the Dog-ftar, at the 
fide of his jaw 5 then Canis Minor and Ge-* 
niiniy or the Twins, followed, and fo on for 
the remainder of the night. This appear- 
ance was obfervcd feveral months, but at 
ciifiereAt hours of the night, which may be 
feund by this problem. 

Alfo on the 8th of May in the fame year, 
lihe firft point of Aries pafled our meridian 
at 20 h. 58 min. 29 fee. but if we reckon 

0^2 the 
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the hours from midnight^ at 58 minutes 
paftVIII in the morning, at which time no 
ftars can be feen ; therefore we muft have 
recourfe to the right afcenfion of the firft 
point of Libra, which is thus obtained : 

h. min. fee. 

To the right afcenfion of the ) ^ 

firft point of Aries \ ^^ ^^ ^^ 

add II ^8 o 

32 56 29 



When the hours exceed 24, ) 
fubftraa therefrom J ^^ 

The 



o o 



le right afcenfion of the firft *) o ic • .1. 

point ofLibra, A. D. 1770,}^ ^ ^^ ^9 '"r* 
May 8th, at i ^^^"""g- 

Now in the precept to this problem, read 
Libra inftead of the word Aries, and tbe^ 
rule will hold good in this as well as in the 
firft cafe. Therefore, 

Bring the firft point of Libra to the gra- 
duated fide of the ftrong brafs meridian, and 
fet the horary index to 56 minutes paft VIII 
in the evening, turn the globe until the ho- 
rary index points to 10 minutes paft X 
o'clock, and you will find the ftar called 
Spica Virginis, being that in the ear of com 
(he holds in her hand, a ftar pf the firft 
magnitude marked «, upon the meridian at 

that 
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iuid di^rts may then be laid before him with 
propriety, in orda: to confirni him in tho 
luiowledge of the partjicular parts of thofo 
very parallels^ of which he has already 9t*» 
tained a general idea upon the glob?. 

PROBLEM LI. 
To find a fignal, or warning ftai, 
that {hall be upon or near the 
meridian of an obferver, at the 
time any known ftar is perpen- 
dicular to any plaqe on its cor-t 
refponding parallel, 

295. Brpg the giv€R place to the gra^r 
fluated iide pjf (hp ftf ^9^ hrafs meridian on 
the terreftrial globe, ^d it will cut the de- 
crees Qii its longitude, reckoned eaflwar4 
from London, upon the upper rpwpf figures 
pver the equator ; then 

Apply to the celcftial globe, and fet the 
given ftar under thp graduated fide of the 
ftroqg brais meridian, which will cut the de« 
gree of its right afcenfi9n on the equinodiaL 

If the fituation of the obferver \s weft 
^i the given place, fubtrad^ the terreftrial 

' longitude 



tjQ Defiription and Ufe (f tha 

confequeij.tly, if the dccjinatipn of any ftaf 
is equal to the latitude of apy pjace^ that 
flar, by a line conceived to be drawp from 
Jt to the center of the^afth, will defcribe the 
parallel of th^t place ; whence it becomes 
a correijpondent^ not only to that particular 
place^ but ajfoto all thofe places which lie 
in the fame parsdleJipf latitude, by paffifl^ 
perpendicularly over them all once every 24 
hours. But as a preparation, we muft firft 
^ew^ by the following problems, how to 
find thofe places to which any ilar is a coi*-* 
refpondent, and thofe ftars ^bich ^re cof-n 
f efbondents to any place, 

PROBLEM L. 

« * ...... . \ 

To find all thofe places to which any 
' ftar is a correfpondent. 

293. Firft find the declination of the fta? 
on the celeftial globe by probleoi V. art. ^^. 
^nd remen^ber whether it be flofth pr fouth j 
count the fame number of degrees upon the 
fbong hrafs meridian of the terreftrial globe 
the fame way from the equator, and note 
the place by holding the edge of a card 
thereto y turn the globe from ?aft to weft, 

^4 
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and all thofe places which pafs under that 
point, .wHl be correspondents to that jAar, 
l>ccaaie l^ey will be in the line pafling from 
^ fenter of the earth througJ^ the very 
place upon its Surface, to which the ftar is 
at that time vertical. Thus, 
t The decHaation of the ftar manked y, in 
the head of Dx^co, is 5 1 deg. . 3 2 xnin. equal 
to the latitude of London ; therefore this 
iuilHant ftar of the ibcond magnitude may 
lH^iOaUed,the ftar of this metropdis, without 
being derived of its .own.Jiame; it may 
jltkewiie take the name of any other place 
in the parallel of London, 

The reverfe of this prohlepfi being to 
find all the flars which are coroefpondents 
to any place, is fo eafy as to require no far- 
ther esrplication, than that of applying firft 
$0 the terreftrial globe- 

The apparent diurnal motion ojE one flai: 
only^ will fucceiiively diewdts perpendicular- 
fity to various countries, a^ ^vill appear by 
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confeque^tly^ if the declination of any ft^ 
is equal to the latitude of apy place, that 
ftar, by a line conceived to be drawn front) 
jit to the center of the^sarth, will defcribe the 
parallel of th^t place ; whfpuce it become3 
a correljpondent, not only to that particular 
place, but a}fo to a]l thofe places which 1^ 
in the fame paralle};pf latitiid?> by paffi^ 
perpendicularly over them all once every 24 
hours. But as a preparation, we muft firft 
^ew^ by the following problems, how to 
find thofe places to which any ftar is a cof-? 
refpondent, and thofe liars which ^re cof^ 
•refpondents to ^y place, 

PROBLEM L. 
To find all thofe places to which any 
' ftar is a correfpondent. 

293. Firft find the declination of the fta^? 
on the celeftial globe by probleoi V. art. ^^. 
^nd remen^ber whether it b.e qofth pr fouth i 
count the fame number of degrees upon the 
ftrong t^rafs meridian of the terreftrial globe 
the fame way from the equator, and note 
the place by holding the edge of a card 
thereto j turn the globe from ?aft to weft, 

^4 
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and all thofe places which pafs under that 
pointy tivHl be correspondents to that jAar, 
Bccanfe l^ey will be in the line pafling from 
fbiei center of the eartjh thrgugJ^ the very 
place upon its furface^ to which the ftar is 
at that time vertical. Thus, 
{ Tiie decHaation of the ftar manked y, in 
the head of Dx^co, is 51 deg..32 inin. equal 
to the latitude of London ; therefore this 
JbriUiant ftar of the focond magnitude may 
Jbi^iCaUed the ftar of this metrppdis, without 
being deprived of its .own.Jiame; it may 
jltkewiie take the name of any either place 
in the parallel of London. 

The reverfe of this prohlepfi being to 
find all the ftars which are coroefpondents 
to any |)lace, is fo eafy as ta require no far- 
ther esrplication, than that of applying firft 
fO'the terreftrial globe- 

The apparent diurnal motion of. one ftai: 
only» will fucceffively fliewits perpendicular- 
rity to various countries, a^ \villi appear.by 
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confcqueijtly, if the declination of any fta* 
is equal to the latitude of apy place, that 
flar, by a line conceived to be drawp from 
jit to the center of the^arth, will defcribe th^ 
parallel of that place ; whence it becomes 
a correijpondent| not only to that particular 
place, but ajfo to all thofe places which ^ 
in the fame parallel ;pf latitude, by pafliflj^ 
perpendicularly over them all once every 24 
hours. But as a preparation, we muft firft 
^ewj, by the following problems, how to 
find thofe places to which any ftar is a cof- 
refpondent, and thofe ftars which are cofti 
f efpondents -to any place, 

PROBLEM L. 

To find all thofe places to which any 

ftar is a correfpondent, 

293. Firft find the declination of the fta^f 
on the celeftial globe by probleoi V. art. $^. 
^nd remen^ber whether it be flof th pr fouth j 
count the fame number of degrees upon the 
fbong t^rafs meridian of the terreftrial globe 
the fame way from the equator, and note 
the place by holding the edge of a card 
thereto j turn the globe from eaft to weft, 

an4 
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wid di^rts rxkzy dien be laid before him with 
propriety, in orda: to confirm him in tho 
juiowledge of the particular parts of thofp 
very parallels, of which he has already ^t^sr 
lained a general idea upon the glob?. 

PROBLEM LI. 
To find a fignal, or warning ftai, 
that fliall be upon or near the 

meridian of an obferver, at the 

. J' 

time any known ftar is perpen- 
4icular to any plape on its cor-» 
refpon4ing parallel, 

295, Bfing the givcjj place to the grarr 
4uated ii4e of (hp ^o^g br^s meridian on 
the terreftrial globe, gjfid it will cut the de- 
grees pf its longitucle, reckoned eailw^r4 
from London, upon the upper rPWPf figures 
pver the equator ; then 

Apply to the celeftial globe, and fet the 
given ftar under the graduated fide of the 
^roqg brafs meridian, wh|ch will cut the de- 
gree of its right afcenfipn on the equinodiaL 

If the fituation of the . obferver is weft 
^f ^e given place, fubtr^d^ the terreftrial 

- longitudq 
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longitude from the right afccnfion of the 
ftiar; if caft, add the longitude, and move 
the celeftiaJ globe; till the fum or refidue 
thereof is under the graduated fide of the 
ftrong brafs meridian, and then that fide 
will be diredly over thofe ftars which arc 
upon, or have juft paflfed, or are not quite 
qeme up, to the obferyer's meridian, at the 
moment the given ilar is vertical to the place 
propofed; either of which will corredlly 
arifwer the prefent purpofe, and become the 
fi^tial. or warning ftar ; that upon its arrival 
on the meridian, will declare the given Aar 
to be vertical to the place affigned. 

Thus let the obferver be in or near Lon- 
dbh, and the bright ftar in Lyra, or the harp 
of the firft magnitude be given, it is com- 
monly called' Vega, but it fhould be Waki, 
in the Arabic Nefr Waki, fignifie^ the ftoop- 
iftg or falling Vulture, and marked a : this 
ftar is correfpondent to the fouth- weft cape of 
the ifland of Sardinia in the Mediterranean. 

The longitude of this cape from London 
is 9 degrees, and the right afcenfion of the 
ftar Waki is 277 degrees, as London is 
weft of Sardinia ; 9 degrees fubtradled from 
977 degrees, leaves 268 degrees -of right 

afcenfion. 
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afcenfion, to which the celeftial globe being 
fet, the graduated fide of the ftrong bral3 
meridian will be found directly over the ftar 
y in Draco, and alfo over a ftar of the fourth 
magnitude in one of the heads of Cerberus. 
Thefe arc eminent fignals, and both upon the 
meridian, when at the fame time the ftar 
marked 0, in the knee of Hercules, will have 
pafted the meridian about two minutes of an 
hour, and the ftar marked P, of the fourth 
magnitude in the milky way, will want about 
two minutes of an hour of coming to it. 

Hence when the ftar marked y, in the 
h6ad of Draco, fends forth its perpendicular 
rays upon the city of London, the ftar Waki 
ijiLytawill alfo be perpendicular to theS.W. 
cape of the ifland of Sardinia. At which 
time an obferver at London will be fenfible 
of the diftance between the zenith of the two 
places, and may note the bearing of Sardinia 
from London upon his fenfible horizon, to 
which he may refer at any time in the day. 
An obferver at Sardinia may note the fame 
with refpedt to the diftance and bearing of 
London from him. . . 

To excite ftudents who have an afpiring 
emulation toimprove themfelvcs in this ex- 
ten five 
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tcnfive Iclcnde of geography and aftrononiy^ 
tht principal reqirifites whefeby they may 
dccfuire univcrfal knowledge^ we fhall pro-* 
teed to ilhiftrate this^ iyftem of the natural 
agreement between the celeftial and ter- 
ftjftrial ^heres, by a few interefting ex- 
jitnples. 

Example I. 

When the ftar marked y^ in the 
head of Draco, is perpendicular 
to the city of London, the twelve 
foUowirig ftars may be feen from 
thence at the fame time, when 
they will alfo be perpendicular to 
as many places upon the earth. 

296. The fignai or wa;rning ftar is y in 
the head of Draco, which comes upon the 
meridian with the 268th degree of right 
afcenfion ; it will be vertical to the city of 
London two minutes of time, after the ftar 
marked k, in the milky way near the equi- 
nox, has pafTed the meridian, at which time 
the twelve following ftars will ht vertical to 
the places they ftand againft. 

Weft 
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Weft of I^ndon. 



?i:- 




DecL 




-w- 




and 




Lm, 






Ut. 






z67i 


Knee of Hercules 


fl 


37 


Carthagena, Old 1 
Spaia \ 


01- 


^67i 


Wrift of Hercuks 


' 


30;- 


Frontiers of Mo-") 
roccoandTar-^ 


oj 


?fii 


Rasalhagus, Ser-7 
pcDtarius J 






Kingdom Kam- ( 










bergrad a, Africa \ 




ip8 


3 pica Virginis 


(( 


irt 


Peru.South America 


70 


'7S 


Dcneb Alafad. l 
Lyon's tail \ 


P 


16 


Chapa in Mexico 


93 




Alioth, iftiijtaili 
Great Bear \ 






IfleBelchier.Hud. J 






' 


"" 


fon-s Bay J 





Eaft of London. 



X 



Vega, in Lyra 
Atair, Eagle's neck 

Swan'i beak, Al. | 
lureo J 

Daneb, Swan's ) 
nunp J 

Sheat, in Pegafai 

Swan'i foDthwing 



S. W. Cipe, He 7 
of Sardinia ( 
Frontiers of Be-" 
nin and Nigrida, 
Africa 
Mid. Lenta in 
Tagua, Africa 
Palmyra 

iddle of Mo. 
gul's emjnre 
Frontiers of Tor- 
Icey in Afia, and 
Defen Ar<^ 



The 
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The ufe of a warning ftar is to point out 
the true time of the phoenomenon, which 
is to be .firfl nearly found by obtaining the 
iime of the right afcehfion of that ftar for 
the evening, on which the obfervation is 
intended to be made. 

:This table of cotrefpondents was formed 
as follows: 

The right afcenfion and declination of 
the ftars was found' in round numbers upon 
the eeleftial globe, and written in two cq- 
lumns, inclofing the names of the ftars; 
the columns for the names of the corrc- 
fpondent places being left blank for their 
infertion afterwards : 

Next, as the longitude on our new tcr- 
reftrial globes is numbered both ways from 
the meridian of London, whatever the right 
afcenfion of the fignal ftar may happen to 
be, that point of the eeleftial fphere is like- 
wife confidered to be upon the meridian of 
London. Therefore, 

To gain the longitude in the laft column 
of the table, if the given ftars were eaft of 
the fignal, the right afcenfion of the warn- 
ing ftar was fubtradled from the right afcen- 
fion Qi the given ftar. 

But 
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But the weft longitu(ie was obtained by 
fub trailing the right afcenfion of the. giveix 
liars from that of the fignaL 

The reverfe of this example is to find^ 
vrhat ftars will bfe perpendicular to any place 
upon the earthy a warning ftar being kiiowni 
that fhall be upon the; jiieridian of an ob-^ 
ferver, whdft the ftars to he fought fhall. bd 
vertical to the places afligned, which the 
reader wiU , eafily perform from what Jias 
been already faid* . . , 

When a ftar is knowh to b^ p6tpendi-^ 
cular f6 any aftigned place^ :its correfpon-^ 
denee ta that terreftrial point may he equally 
affirmed^ to all tbofe who can fqe it at that 
inftant from any part of the. eafth> or fea^ 
they may then happen to be uppo. 
. If an obferver in Palmyra, another in the 
middle of the Mogul's empire, a third at 
L^ivata in Africa, and a fourth at Chapa in 
Mexico, fhould look at the ftar y, in the 
head of Draco, the moment it is in the ze- 
nith of London, they will fee its correfpon- 
dence to that metropolis at one and the lame 
inftant of time i their hour onlv will be dif- 
ferent according to the difference of the 
meridians, as thofe places are fituated either 
^tft or weft from London. 

R The 
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The fignal «r warning ftar to each of 
ihefe places, is the perpendicularity of th^ 
ftar espreffed m the preceding catalogue of 
twelve ftars. 

From the obfervation under cither of thefe 
ftars in the catalogue* may be itzn the other 
twelve ftars, when they are Ihining over the 
heads of the inhabitants of all the other 
countries therein named. 

This eonftitutes the fyftem of aftponomi- 
cal geography before fpoken of. It affords 
us a real affiftance from the heavens, where- 
by we not only fee the marvellous diilance* 
of a multitude of cekftial bodies, compofing 
that part of the aniverfe,, which we are per- 
mitted to behold ; but it alfo enables us to 
comprehend the diftances and bearings of 
the moft remote countries from that poll 
of the earth upon which we ftand. 



Example II. 






297. When the bright ftar marked |3, 
the head of Caftor, is upon the meridian ot r^ 

London with the iioth degree of right af 

cenlion, the twelve following correfpondentfi^ _ 
will be vertical to the places annexed, 

Weftward -«. 
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Weftwafd. 



g- 




D^ 




"wT 




and 




Lon. 






Lat 






14 


GMIeof Andro.) 
meda, Mizar J 


P 3 


Kichuans, L onili ana 


96 


18 


Caffiopea's thigh 


s S 


5 P. Walesfbrt, 
Ifiidfon's Bay 


9Z 


=7 


Almaak, foot of ) 
Andromeda J 


> 4 


Twightees, S. of 


83 






Lake Michigan 


4^ 


Shoulder of Perfeus 


J S 


E&imos between " 
L. Otter and L. { 


68 








Pitccibi, North- f 








America J 




47 


Algenib,P«ftus's? 


«,4 


Cape Rifhcr, G. ' 
St. Lawrence 


63 






7« 


Rigel, Oriwi's foot 


P| * 


Sea and Coaft of 
Olinda 


34 


Saftwatd; 


!f 


Dec!.. 


liE 




and 




Un. 






Lat. 






'3* 


3r«t Bear's foot 


«'47 


Middle of Hungary 


ii 


"59 


Hydra's heart 


<c S 


Kingdom Maffey.i 
Alrica J 


29 


'43 


CBmer of the I 
Lyon's mouth 


* is 


NahalTa, in Egypt 


33 


'49 


tegulus, Lyon's 2 


ft 13 


Abyffinia, Africa 


39 


.76 


Third to the Sq. 
Great Bear 




Oftiakis,S.W.part 1 
of Siberia J 


66 




> 53 




igi 


N.wdneofVireo, 7 




Seaz*E.ofPon- j 
dicherry \ 


Sa 




E II 





Thefe ftars are Viiible in the months of 
January, February, and March. 

R 2 Example 
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Example III. 

298. When the bright flar marked a in 
the ear of corn, which the. Virgin holds in 
her hand, called Spica Virglnis; is upon the 
meridian of London with 198 degrees of 
right afcenfion, the following twelve ftars 
will be vertical to the feveral places in the. 
following table. 

Weftward. 



Aft. 

90 
113 

i9> 



Pirftftarinthefoot) 
ofCaltor ) 

Head of Pollux 

Hydra^s heart 



Re^alus, Lyon's ) 

heart ) 

Lyon's tail, Alafad 

Piril in tail Great ? 
Bear, Alioth \ 



and 
Lat. 

29 



7l- 






16 

57 



} 



MesofTresMa-l 
rias, New Spain \ 
Sea near C. £f- 
condid, Florida 
Yamari, a branch *} 
of the Amazo- y 
nian River J 
Sea 12* £• of the i 
Antilles } 

Near Bonavifta, 
C. Verd Ifles 
Weftem Ides of 
Scotland 



iLoo. 

6t 

49 
23 

7 



Eailward z 
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Eaftward. 






m 



aia 

«43 

«49 

877 
390 

»9 



1 



N. Hand of Bootes 
Scoqpion^s heart 

In tlie Back of 7 
Hercules 3 

Vega, in Lyra 

Albiero,theSwan*8 ) 
beak S 

Atair, in the Eagle 



Ded. 

and 

Lat 

39 



IT 



39 
28 

8 



\ 

Sea, or "l 
of Ma. 1 



S* of Berlin> in 

Pruffia 
S.Coaft of Ma- 

dagafcar 
S.EailoftheCaf. 

plan Sea 
Coten, in Tartary 
Toudfang, inThi- 

bet major 
|£ailem Sea, or 

Coaft 

lacca 



Lon. 

45 

S' 

79 
92 

96 



This phoenomenoh may be fe^n in the 
months of April, May, and June, 

1 
« ■ » p. 

Example IV. ' 

299, When the 2.89th degree of right 
afcenfion is upon the meridian of Lofidon, 
iignified by one minute of an hour after the 
ftar marked i in the fouthem wing of the 
Eagle has paiTed the meridian, then the 
twelve following places will have the an- 
nexed flars in the zenith. 



R3 



Weft ward. 



|4t p^er^m aiit^ ef tbt '- 



Weftward. 



»* 


- 


Decl 


' 


Wdil 








l.r>n, 






[,ar, 






znf- 


Theftarintlieleg 






Sea i," S. Cape > 


S3 




of Bootes 






Corrente, Cuba \ 




Southern Scale of 






:ollao, in Peru 








'b 






2l6 


Northern Scale of 
Libra 


P 


3 


Amazonia, America 


63 


a,b 


A ftar in Scorpio 




'■; 


'araguay, America 


i;! 




HandofSerpentarius 


J 




'J W. partofBrazi: 




JL7 


Knee of Hercules 




^7 


N. of St Michael ) 


2Z 




-__^_^.^^_ 


_ 




in the Azores J' | 



Eaftwafd. 



^: 




Decl. 




Raft 




and 




1,011, 






r,at. 






321 


Side of Cephetu 


f> 


70 


Fro Sea near tfle 7 
Wardiis.Laponia \ 
Between Sio andi 




,28 


Shoulderof Aquarius 


a 


1 












Ampaia, Zan- t 












guebar 






Firll in the head ) 
of Cepheus ( 




s" 


Ruffia, 4' E. of / 
Mofcow S 










Ml 


Markab in Pegafus 




27 


Sea-Coaft in Per- ) 
fian Gulph S 














UQ 


Andromeda's head 


X 


27 


rala.Mogurs empire 


70 


3.= 


A ftar in Pegafus 


7 


M 


Sea near We Lak. ) 
dinaa t 


7' 



Thefe ftars may be obfervcd in the mont^ 
of July, Auguft> and September, 



EjJAMPLf 
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EXAMPLB V. 

30o« When the flar marked 9 in the fifle 
of the Wfaak ts upon die meridian of Lon* 
don^ with 1 8 degrees of right afceafion^ die 
twelve foUowing ftars will be in die zenith 
of the annexed places* 

Weftward* 



filgt] 

Ah. 
390 The Swains htsk 



308 



294 Firft in the Swan*s 
wbg 
Deneby in the 

8wan> ramp 
Side of Cepheus 



15^1 
and 
Lat. 



Head of Cepheus 



Pomahaut, mouth 7 



(G«lphMezico,3'' 



44 
44 



exico,3® I 
S. Miffifippi 5 

Lake Michigan, 
Canada 

New England 



} 



1341 rumanaui, moucn f 
j offifcesNotijos y 



^ '70 Cumberland near 
I Baffin's Bay 

e 56 N. Sea, E. of La- 
) brador 
I Middle of the At- 

* ^ lantic Ocean' 



} 

(I 



Weft 
Lon. 

88 

84 

70 

57 
47 1 

37 



-'. • 



Hill w , 



R4 



Bail- 



' " • ir> .... 
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Eaftward. 



Afc 
27 

43 
S3 

112 



Almaak, foot of ? 

Andromeda \ 
Shoulder of Perfeus 
Menkar, Whale's / 

mouth ( 

The Pleiades 

North foot of Pollux 
Procyon, little Dog i a 



Decl. 


and 


Lat. 


> 


4* 


^ 


52 


A 


3 




23 


> 


16 


A 


6 



Sea coaft of Sardinia 

Brifac Luthania 
Bake Bake^ Africa 

Frontiers of Egypt 

and Nubia 
Golconda, Aiia 
Seai^N. W, A-? 

chem, Sumatra \ 



Loo. 

9 

*4 
25 

3; 

78 
94 



The flars in this example may be feeq 
in the months of Odtober> NQvepiher« fU]4 
December. 



PROBLEM LII. 

The phoenomena of the harveft* 

moon. 

301. When the moon Is at or near the 
full, about the time of an autumnal equinox^ 
^e rifes nearly at the fame hour for fevera^ 
pights together : this phgenpraenon is calle4 
the harveft-rmopn. 

To account for this upon the celeflia} 
globe, fet tlie ^tificial fun upon the GrO; 

fowf, 
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ijoint of Libra, where the fun mull necef- 
farily be at every autumnal equinox, and 
ijplace the artificial moon upon the firft point 
of Aries, where fhe mud be, if a full moon 
•iliould happen at that time. 

Rectify the globe to thepofitionof a right 
Jphere, art. 214. which apfwers to the inha-r 
ifcitants of the equator; bring the center of 
iriie artificial fun to the weftern edge of the 
road paper circle, and the horary index in 
(this cafe being the graduated edge of the 
^rong brafs meridian, will cut the time of 
^e fun's fetting, and the moon's rifing ; 
shence it is obvious the moon will rife whea 
,tke fun fets, which will be at VI o'clock, 
becaufe they are both fuppofed to be in the 
(Celeftial equator, but in oppofite figns. 
Therefore on that day the fame phcenome- 
..jion will happen in all latitudes between 
fhe equator and either pole. 
: But as the moon's motion in her orbit, 
.which we fiiall at prefent confider as coin- 
cident with the ecliptic, is about 13 deg. 
'10 min. everyday, which retards her diur- 
nal motion about 51 rnin. 56 fee. of time 
iwith refpeit to the firft point of Aries, this 
?^aily difference as it relates to the fim is 
generally 
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generally reckoned at 48 minutes of tim^ 
or two minutes for every hour. 

Let us now enquire upon the globcj 
time the moon will rife the next night after 
jhe autumnal equinox, at which time the 
fun will have advanced one degree in Libra, 
and the moon 13 deg. 10 min. in Aries, 
which is 1 2 degrees more than the fun has 
done in the fame time : therefore place the 
center of the artificial fun upon the firft de- 
gree of Libra, and the artificial moon on 
13 deg. 10 min. of Aries, the globe being 
redified as before to the pofition of a right 
fphere, bring the artificial fun under the 
graduated fide of the ilrong brafs meridian, 
and fet the horary index to XII, turn the 
globe until the artificial fun coincides with 
the weftern fide of tlie broad paper circle, 
the horary index will fliew he fets that 
evening at VI o'clock, and the globe being 
turned till the artificial moon coincides with 
the eaftern fide of the broad paper circle, 
the horary index will fhew the moon's rifing 
that evening to be about 48 minutes pail 
VI o'clock, with 5 degrees of amplitude 
northerly, as flie is now entered into 
northern half of the ■ecliptic. 
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Now elevate the north pole of the globe 
pi die latitude of London, every other rec- 
tification remaining the fame, and bring the 
artificial moon to the eafl fide of the ho- 
rizon, an(^ the horary index will point to 
20 minutes paft VI, her time of rjfingj and 
her amplitude at that time will be about 8 
degrees, three degrees more than at the 
equator the fame evening. 

If we thus inveftigate the time of the 
mooi>'s rjfing for two or three nights to- 
gether before and after the autumoal full 
moon, it will be foynd nearly the fame. 

The reafon is, that the full moons which 
happen at this time of the year, are afcend- 
ing from the fouthern into the northern 
figns of the zodiac : whence the moon de- 
fcribcs a parallel to the equator every night 
more northerly, which increafes her rifing 
amplitudes confiderably, and more fo as the 
latitude is greater, as in the prcfeht ex- 
ample ; hence it is plain, that the nearer any 
celeilial objeft is to either pole, the Iboner 
it afcends the horizon. 

Every thing remaining as before, if we 
elevate the north pole of the globe to 66 i 
«lcgrees, which is 'Cfst latitude of the northern 
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polar circle, and bring the artiiiqi^tl moon to 
the eaf): fide of the horizon, fhe will b^ 
found to riie about the fanie time that the 
fun fets the evening after the autumnal full 
moon, which is about VI o'clock| %X which 
time and place her amplitude will be about 
13 degrees. 

In this position of the globe, if the artifi^ 
cial moon be removed 13 deg« 10 min. upon 
the ecliptic, which is her mean motion 
therein for one day, and fo on for fourteen 
nights together, fhe will be feen to rife 
within the fpace of one hour during that 
tinie, which will be clear on obferving that 
half the ecliptic rifes at once. 

It is remarkable that when the moon va- 
ries leaft in the time of her rifing, the di- 
urnal differences are greateft at the times 
of her fetting. 

What has been faid with refpedJ: to north 
latitudes is equally applicable to fouth lati-» 
tudes. 

In like manner the .new moons in fpring 
rife nearly at the fame hour for feverail 
nights fuccefJively, while the full moon. ^ 
rife later by a greater difference than at am. ;3 
Other time of the year, becaufe at this xxi\.^ < 
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the year the new moons are in the af- 
».vnding, and the full moons in the defend- 
ing figns. 

This phcenomenon varies in diiferent 
years : the moon's orbit being inclined to 
the ecliptic about 5 degrees, and the line of 
nodes continually moving retrograde, the 
inclination of her orbit to the equator v^ill 
be greater fometimes than at others, which 
prevents her haftening to the northward or 

Idefcending fouthward in each revolution 
with equal pace. 



PROBLEM LIII. 

Lo find the time of the year in 
which a ftar rifes or fets cofmi- 
cally or achronically. 



302. The cofmical rifmg and fetting of a 
ftar, is when a ftar rifes with the fun, or fets 
at the time the fun is rifmg. 

The achronical rifing or fetting of a ftar, 
is when a ftar rifes or fets at the time ;he 
^iiin is fetting. 

Elevate the pole of the celeftial globe to 
■the latitude of the place, and bring the ftar 
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to the eaftern edge of the broad paper circle^ 
and obferve what degree of the ecliptic rifeS 
with it, which feek in the {calendar on the 
broad paper circle, againft which is the day of 
the month whereon that ftar rifes cofmically. 
Turn the globe till the ftar coincides with 
the weftern edge of tlie horizon, and that 
degree of the ecliptic which is cut by the 
eaftern fide, gives the day of the month 
when the flar fets cofmically ; fo likewiTe 
againft the degree which fets with the ftar 
you have the day of the month of its achro- 
nical fetting ; and if you bring it to the 
eaftern fide of the horizon, that degree of 
the ecliptic then cut by the weftern fide of 
the broad paper circle fought in the ka- 
lendar, will fhew the day of the month 
when the ftar rifes achroaically. 

PROBLEM LIV. 
To find ttte time of the h& 
rifing and fetting of a ftar 

303. When a ftar is firft vifible in 
morning, after having been fo near the futl 
as to be hid by the fplendor of its rays, it is 
faid to rife heliacally. 

Whi 
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When a ftar is immerfed in the evening, 
or hid by the fun's rays> it is faid to fet 
heliacally- 

Elevate the pole of the celeftid globe to 
the latitude of the place, bring the ftar to 
the eaftern fide of the broad paper circle, 
fix tbe quadrant of altitude to the zenith, 
and apply its graduated edge to the weftem 
fide in ibcb a manner that its 1 2th degree 
above &e' horizon n^y cm the ecliptic, the 
pcrnit o^>{k>flte to this will be 12 degrees 
below the broad paper circle on the eaftern 
fide, and is the fun's place in the ecliptic 
at the time a ftar of the firft magnitude 
rifes faeliacally ; feek this point in the ka- 
lendar, or . upon the ecliptic line on the 
globe, againft which you will find the day 
of the year when that ftar rifes heliacally. 

To find the heliacal fetting, bring the ftat 
to the weftem fide of the horizon, and turn 
the quadr&nt of altitude on the eaftiern fide, 
t31 the 1 2th degree cuts the ecliptic ; itsrop- 
pofite point is the fun's place, which fought 
i^idier upon the kalendar or ecliptic linf^, 
g^s the day of the year when the ftar fets 
heliacally. 

% Stars 
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Stars oi, the fif ft magnitude^ accordiDg' td 
Ptolemy^ rife pr fet heliaeally, wheii they 
are 12 degrees diftant from the fun : thatis^ 
wh^ the ftar is rifihg, the fun muft be de- 
pre0ed in the perpendicular below the hori- 
ZQn 12 d^grees^ that the ftar may be far 
enough frqm the fun s rays to be feen before 
he tifes. 

. Stars^ of the fecond magnitude require 
the fun's depreflion thirteen degrees^ and 
thoie gf the third magnitude fourteen de« 
grees, &C. 

The manazil al kamer of the Arabian 
aftronoiriers, * from Ulugh Beigh^ 
publifhed at Oxford in 1665. 

304. The manazil al kamer of the Ara- 
bian aftrqnomers, are XXVIII ; they are fo 
called^ i. e. the manfions of the moon, be- 
caufe they obferved the moon to be in or 
near one of thefe every night during her 
monthly courfe round the earth ; they are 
thefe that follow, to which upon the globe 
the Arabian charadlers are affixed, but omit- 
ted here for the want of an Arabian type. 

I. 

* See the Rev« Mr. Coftard's Vli&QTy of Ailronomy, p. 1 9 
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L AlSberatdni thefe are the firft aod fe- 
cbnd ftars of Aries, or thfe fiars. in tKe 
Ram's horns, marked p and y, with I, ff ^ 
fignifyihg the iirfl manfion of the moon^ 
which the reader will plefife to reooisa^er 
once for all; 



i ; 



II. Botein, the ftars in the RamV Belly: ac^ 
cording to Ulugh Beigh, by Bayer, and 
on our globe « and p. ^ .- - ^ 

Ill; jUThuraiya, the Pleiades ; 

IV. AI Debardn, the Bull's eye. ' . 

V. Al Hehta, the three ftars in the head of 
Orion; 

VI. jii Hefiaby the ftartnarked in the left 
foot of Pollux. 

VII. Al Diray the two bright ftars, one in 
the head of Caftor, the other in Pollux, 
marked « ^nd jS. 

Villi Al Netbraby the nebulse, or group of 
ftars in Cancer, marked h called by the 
Greeks ^olv^i, i. e. Praefepe. 

IX. Al T'erpbaby the Lion's eye, marked /*. 
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3L Al Geb^ba^ die ftar in the Lion's mane 
marked i* 

XI. A^ ZvBfcb^ the ftars in the Lion's rump 
marked ' and 9. 



XIL Al Serpbaby the Lion's tail marked % 
called Deneb al afad. 

* B P 

XUL AlAwwa-, tfaey are four ftars in Virgo 
marked n^t y* 

XIV. Simdi al Azal, the Virgin's fpikc, 
marked a. 

XV. AlGapbr^ three fbcs in the 4kirt of 
the robe of Virgo^ marked ^ * x. 

XVL AtZubana^ that is Libra; the northers 
icale is called Zubdnab Al Sbemaliy and 
h the flar marked P; the fouthern fcale> 
marked a, is called Zubdnab al Genubi : 
Shemali fignifies northern,, and Genubi 
£>ttthera ^ they are exadly miicalkd on 
the common globes of modem conftmc- 
tion.. 

XVIL AUIciih thefe are the four ftars m 
Scorpio marked v p ' «-• 

xvin.Ai 
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XVlII. AlKalb^ the Scorpion's heart marked 
«, more fully KaWizlakrab -y the Word 
Ant ares ^ if it is not a corruption, has nd 
iigniiieatidni and is therefore ofmitted; 

XlXi Ai Sbaulabj the Scorpion's tail^ or the 
ftar marked K The word Lefatb we have 
omitted^ being another pronunciation of 
Ldfab ; the true liame is Sbaulab^ 

XXi Al Ndaim ; thefc ard eight flars iii Sa- 
gittary, marked y * t a ji* a- (f> 4^ ; 
Ulugh Beigh makes them only three, 

ii Ci y J' 4'» 

... .... * . • . 

XXL AIBeUaby this is .that ,pai*t of Ae. 

Horib in Sagittary, where there are no 

ifctfs drawn ; and if there be any in thai 

part of the heavens, , it is thought they 

arc only telefcopie ftars^ 

)CXIL SadAtDdbib, three ftars in Ciprl- 
^ cora^ marked »' ^ t. 

.XXIIL Sad Ai Bula\ the fiars marked v in 
the hand of Aquarius < 

XXIV. Sad Al Suud^ the ftars rtiirked P 
. and I in Aquarius. 

S 2 XXV. Sad 
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XXV. Sad Al Achbiyab^ three ftars in Aqua* 
rius marked y 2 ^* . 

XXVI. Al Phirg al Mukaddem, the ftars 
marked « and 13 in Pegalbs. 

XXVIIi Al Pberg al Muaccbir 5 thefe are 
two ftars, 6ne in the head of ^fidromcda, 
marked i\ the other in the wing of Pe- 
gafus> marked y. 

XXVIII. ' Al Rijhd, the ftat marked /3 in 

the girdle of Andromedi. 

' •••,■■ -Si 

This IS a divilion of the heavens, dif- 

ferent from any thing the Greeks were ac-« 

quainted "with, and therefore was not bor^ 

rtoWed from them. 

PROBLEM LV. 
To find a meridian lind, 

305. Bring the fun's place in the ecliptic 
on the celeftial globe, to the graduated fide 
of the ftrong brafs meridian, &nd fet the 
horary index to that XII, which is moft 
elevated ; turn the globe, till the ftar mark- 
ed y in Caffiopea's hip> is under the gra- 
duated 



CeJeftial and ferrejirial Globes. 261 ^ 

duated fide of the ftrong brafs nieridlati^ 
with about 1 1 degrees of right afcenfion ; at 
which time the polar ftar, in the extremity 
of the tail of the little Bear, will be abov^ 
the pole, apd upon the meridian alfq. If 
you find in this application of the globe^^ 
that the horary index points to any hour ojf 
the day, when the globe is redified to the 
latitude of t^our fituation, turn the globe 
again, till the ftar marked h Called Alioth, 
being the firft in the tail of the great Bear, 
is under the graduated fide of the ftrong 
brafs meridian, and then the polar ftar will 
lifeewife be upon the meridian, with about 
191 degrees of right afcenfion^ but undfr 
the north pole, and the horary index will 
point out the time of the night, when this 
phcenomenon is to happen, before which 
you are to have the following apparatus 
properly prepared, that you may be ready 
to attend the obfervation, that is, to find 
vour meridian line. 

Siilpend two plumb-lines, and let their 
weights be immerfed in water, to prevent 
dieir vibratingj^ but in fuch a manner that 
the firing of one of them may be diredtly 
l^ctwecn the polar ftar and the ftring of the 

S3 ' pther^ 
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othcF. After this adjuilqient of the tw^ 
ibingS| if they remain untouched till the 
next day at noon, a meridian line maybe 
pbtained at any window; in the hpufe which 
has a fouthern afp^, by fufpending lines 
^s above from the ceiling; that. next. the 
window rnzy ^^ fixed* but the pthef fhpuld 
be moveable in a dirediipn nearly eai|: an4 
weil ; the weights of thefe pqo^t alfo to bg 
immerfed in watery then, if two perfons 
attend a little before roQ^ on the next day, 
pne of them at the two firft plumb-Jine^ 
whic|;i were adjuftc4 to the polar ftar, an4 
the other ^t the two plumb-lines Ja the 
houfe which are thefi to be adjvif|ed, each 
of them holding a fheef pf white paper iij 
their hands, to receive the (hadow pf the 
two firings caft thereon by the fun i the 
firft obferver is to give a fignal tq the fecond 
of the inftant the two ihadows pn his paper 
are united in one and the fame line, at 
which time the fun will be prepifely upoD[ 
the meridian. The other obferver in the 
houfe is likewife tp atte|id with diligence^ 
and as the fun is coming nearer and nearcf 
to the meridian, he is conftantly tp remove 
}iis moveable plumb-line^ and keep thefha- 

d9W§ 
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dows of his two firings always united in 
<Mie diftindt fliadow, that his obfervation 
may be compleat, when his aiTiftant giveai 
die definitive lignal. 

If this be repeated ibur or five times, a 
very accurate meridian line may be obtain* i 
ed, and may be drawn on the window, I 
the floor, or a pavement, by their fhadow' 
when united by the fun's rays, and the 
plumb-lines may be occafionally fufpended 
from two fixed hooks, when you chufe to 
obferve the paffage of the ftars acrofs the J 
meridian. 

For the ufe of the curious it will not bp 1 
improper to obferve, tliar the late Dr. 
Bradley found that the diftance of the ftar 
^narked « at the extremity of the tail of the 
little Bear, from the polar point, was 2 deg. 
1 min. 39 fee. on the firft day of January, 
A.D. 1751, old ftile i at the fame time its 
right afcenfion was lo*^ 45' 15" equal to 
43 min. 1 fee. of time; and as the right 
afcenfion increafes i min, 16 fee. every tea 
years, its right afcenfion may be obtained 
for any fucceeding year ; and having the 
fun's right alcenfion in time alfo, fubtrafl: 
t from the firft i by adding 24 hours 
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to the rfght afcenfion of the pole fl-af whei^' 
it is Ibfs than the fi!in's> the remainder will 
be the time of the ftar^s coming to die me- 
ridian. 

* 

'• Then, as before, hang up two plumbs 
lines between your eye and the polar ftar, 

PROBLEM LVI, 
Of the equation of time. 

306. As time flows with great regula- 
rity, it is impoffible to meafure it accurately, 
and compare its feveral intervals with each 
other, but by the motion of fonic of the 
heavenly bodies, whofe progrefs is as Uni- 
form and regular as itfelf. 

Ancient aftronomers looked upon the fun 
to be fufficiently regular for this purpofe ; 
but by the accurate obfervations of later 
aftronomers, it is found that neither the 
days, nor even the hours, as meafured by 
the fun's apparent motion, are of an equalj 
length on two accounts. 

I ft, A natural or folar day of 24 hours, 
is that fpace of time the fun takes up in 
paffing from any particular meridian to the 
fame again j and one revolution of the earth. 
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with refpeit to a fixed ftar, Is performed in 
23 hours, 56 minutes, 4feconds; there4 ; 
fore the unequal progreflion of the* earth '; 
through her elliptical orbit, (as fhe takes i 
almoft eight days more to run through the 
northern half of the ecliptic, than (lie does i 
to pafs through the fouthern) is the reafon " 
that the length of the day is not exadly 
equal to the time in which the earth per- 
forms its rotation about its axis. 

2dly, From the obliquity of the ecliptic j 
to the equator, on which laft we meafure 1 
time; and as equal portions of one do not * 
correfpond to equal portions of the other, 
-the apparent motion of the fun would not 
[•be uniform; or, in other words, thofe points 
Ipf the equator which come to the meridian, 
iwith the place of the fun on different days, 
■ would not be at equal diflances from each 
Other. 

This lafl is eafily feen upon the globe, 
lly bringing every tenth degree of the eclip- 
¥tic to the graduated fide of the flrong brafs 
neridian, and you will find that each tenth 
Megree on the equator will not come thither 
■with it, but in the following order from T 
Wto SJ, every tenth degree of the ecliptic 
comes 
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eomes ibc^er to tl^f ftrong l^raTs meridian 
t^jip, fheii? wrr^ppn^iag lofh? on tbe ?quar. 
Ipr; tjhofe )n the .f<SCQful quadrant of the 
K%^^\c^ifqta ^ t9 ;^9 come Uter, from 
^. to vs foonier, V*d from YS ^o, Aries later^ 
whilft thof^at the heginping of each quar 
drant oome to the meridian at the &m^ 
time ; therefore the fun and clock woqld 
he equal at thefe four times^ if the fun was 
not longer in paffing through one half of 
the ecliptic than the other i and the two 
inequalities joined together, compoie that 
difference which is galled the equation of 
time. 

Thefe caufes are independent of each 
other I fbmetimes they agree, and at other 
times are contrary to one another. 

The time marked out by an uniform 
motion, is called true time, and that fhewn 
by the fun, is called apparent or folar time, 
and their difference is^the equation of time. 



w 
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now proceed . to {hew, how 
the terreftrial globe will reprefcnt 
the real phoenomena relating to the 
earth, when adually compared with 
the refulgent rays emitted from the 
great fphere of day. 

307. Thp meridians on our new ter- 
l^ftrial globes, being fecondaries to the equa-* 
$ov, are alfo hour circles, and are marked 
as fuph with Rpman figures under the equa- 
tor, and *t the polar circles. But obferve, 
there is a difference in the figures placed 
^o the fame hour circle j if it cuts the Hid 
hour iipon the polar circles, it will cut the 
IXth hour ppon the equator, which is fix 
Jiours later, and fp of all the reft. 

Through the great Pacific Sea, and the 
interj^dtion of Libra, is drawn a broad mc- 
jidian from pole to pole 5 it pafiTes through 
the Xllth hour upon the equator, and the 
Vlth hour upon each of the polar circles : 
this hour circle is graduated into degrees 
|ind parts, and numbered from (he equator 
towards cither pole. 

There 
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There is another broad meridian p^ng 
through the Pacific Sea, at the IXth hour 
qpon the equator, and the Hid hour upon 
each polar circle; this contains only one 
<juadrant, or 90 degrees, the nu^ber$ an- 
nexed to it begin at the northern polar circle, 
and end at the tropic of Capricorn, 

Here we muft likewife obfervc^ th«t 
are 23 concentric circles drawn upon the 
terreftrial globe within the northern and 
fouthern polar circles, which for the future 
we fliall call polar parallels! ; they are placed 
at the diftance of one degree from each 
other, and reprefent the parallels of the fbn's 
declination, but in a different manner from 
the 47 parallels between the tfopics. 

The following problems require the gipbc 
to be placed upqn a plane that is level, oj: 
truly horizontal, which is eafily attained, 
if the floor, pavement, gravel-walk in the 
garden, &c. fhould not happen to be ho* 
rizontal. 

A flat feafoned board, or any box which 
is about two feet broad, or two feet fquare^^ 
if the top be perfedly flat, vv^ill anfwer the 
purpofe ; the upper furface of either may 
be fet truly horizontal, by the help of a 

pocket 
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{socket fpirit level, or plumb rule, if you 
raUf or deprefs tliis or that fide by a wedge 
or two, as the fpirit level fhall dircft ; if 
you have a xfitndhn line drawn on the 
place over, which you conftitute this hori- 
zontal plane, it may be readily transferred 
from thence to the furface juft levelled ; this 
being done, we are prepared for the folu- 
tion of the following problems. 

■ I , , ■ • • • ' 

. PRO B,L E M LVIL 

To bbferV-e the fun's altitude hf 

the terreftrial globe, when he 

., .fiiines bright, or when he can 

'.'but juft be difcerned through a 

cloud. 

I t 

308. Confider the^fhade of extuberancy, 
^hich is that caufed by the Iphericity of 
the globe, heretofore called the edge of the 
*earth's enlightened difc^ and there repre- 
fented by the broad paper circle, but here 
realized by th^ natural light of the fun 
itfdf. 

Elevate the north pole of the globe, to 
66 i degrees, bring that meridian or hour 

circle. 
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circle, which pafles through the IXtb hoKA 
upon the equator, under the graduated £dd 
of the flrong brafs meridian, the globe 
being now fet ujion the horizontal plane ; 
turn it about thereon, frame and all^ that 
^e (hadow of the ftrong brafs meridian 
may fall direftly under itfetf 5 or in othcf 
words, that the (hade of its graduated face 
may fall exadly upon the aforefaid houf 
circle ; at that inftant the (hade of extu-- 
berancy will touch the true degree of the 
funs altitude upon that meridian^ which 
paiTes through the IXth hour upon the 
equator, reckoned from the polar circle^ 
the moft elevated part of which will then 
be in the zenith of the place where this 
operation is performed, and is the fame 
whether it fhould happen to be either in 
north or fbuth latitude* 

Thus we may, in an eafy and natitrai 
manner, obtain the altitude of the iiin, at 
any time cf the day, by the terreftrial globe j 
for it is very plain, when the fun rifes, he 
brufhes the zenith and nadir of the globe 
by hii rays ; and as he always iiluminates 
half of it, (or a few minutes more, as his 
globe IS confiderably larger than that of the 

earth) 
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:Ui) therefore when the fun is tifen a de- 
higher, he muft neceflarily illuminate 
rdegree beyond the zenith, alid fo on pro- 
irtionably from time to time. 
But as the illuminated part is fomewhat 
Lore tlian half, deduft 13 minutes from the 
lade of extuberancy, and you have the fun's 
titude with tolerable exaftnefs. 
If you have any doubt how far the 
ade of extuberancy exadlly reaches, hold 
S pin, or your finger, on the globe, between ■ 
the fun and point in difpute, and where ' 
.$he fhade of either is loft, will be the point 
ight. 



I 



hen the fun does not fLine bright 
enough to caft a fhadow. 

309. Turn the meridian of the globe to- 
tvard the fun, as before, or dired it fo 
that it may lie in the fame plane with it,, 
which may be done if you have but thaTO 
leaft: glimpfe of the fun through a clouip^ 
hold a firing in both hands, it having fiifi- 
been put between the flrong brafs meridiaitv'^ 
and the globe : ftretch it at right angles to 
he meridian, and apply your face near ta 
the 



"^r^ 
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the globe, moving your eye lower ana 
lower, till you can but juft fee the .fun: 
then bring the firing, held as before, to this 
point upon the globe, that it may. juft ob- 
fcure the fun froni your fight, and the de- 
gree on the aforefaid hour circle, which the 
ftring then lies upon, will be the jTun's alti- 
tude required, for his rdys would^piew the 
fame point if he ihone out bright 1 '^^ 
Note, Thf moon's altitude maylft ob- 
ed by either of thefe methods, and the 
tude pf any ftgff' by the laft of them. 






To place the terreftrial globe in the 
; fun's rays, that it may repreferit 

■ ■ * 

the natural pofition of the earth, 
either by a meridian linear with- 

*V out it. 

310. If you have a meridian line, fet the 
north and fouth points of the broad paper 
circle direftly over it, the north pdie of -the -s 
globe being elevated to the latitude of the^ 
place, and flanding upon a level plane^ brings 
the place you are in under the graduated-1 

fid 

% 

• ■*■■*.■« 



Cekjlial and Terreftrial Glohes. 273 

Sde of the ftrong brafs meridian, then the 
poles and parallel circles upon the globe , 
^ill, without lenfible error, correfpond with ( 
thofe in the heavens, and each point, king-* 
dom, and ftate, will be turned towards the 
real one which it reprefents. 

If you have no meridian line, then the - 
flay of the month being known, find the 
fun's Jeclination as before inftrudted, which, 
ill dire<£t you to the parallel of the day, 
amongft the polar parallels, reckoned froii 
cither pole towards the polar circle j which 
you are to remember.' 

Set the globe upon your horizontal plang J 
in the fun-fliine, and put it nearly north 
and fouth by the mariner's compafs, it being 
firft elevated to the latitude of the place, 
and the place itfelf brought under the gra- 
duated fidteof the Arong bral's meridian : 
then move the frame and globe together, 
till the fhade of extuberancy, or terra of 
illumination, jull touches the polar paral- 
lel for the day, and the globe will be fettled | 
E before; and if accurately performed, 
variation of the magnetical needle will 
Ihewn by the degree to which itpoints 
lie compafs box. 
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And here obferve, if the parallel for the 
day iliould not happen to fall on any one 
of thole drawn upon the globe, you are to 
eftimate aproportionablepart between them, 
and reckon that, the parallel of the day. 
If we had drawn more, the globe would 
have been confufed. 

The reafon of this operation is, that as 
the fun i,lluminates half the globe, the fhadc 
of extuberancy will conftantly be 90 de- 
grees from the point wherein the fun 
vertical. 

If the fun be in the equator, the /hat 
and illumination muft terminate in the poles 
pf the world ; and when he is in any other 
diurnal parallel, the terms of illumination 
muft fall fliort of, or go beyond either pole, 
as many degrees as the parallel which the 
fun defcribes that day, is diftant from the 
equator ; therefore when the Ihade of ex- 
tuberancy touches the polar parallel for the 
day, the artificial globe will be in the fame 
polition, with refpedl to the fun, as the 
earth really is, and will be illuminated in 
the fame manner. 
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PROBLEM LIX. 

To find naturally the furi's Hecli- 
natibn, diurnal pa,rallelj attd' his 
; place thereon. 

31I. The* globe being fetiipon ati hori- 
kontal plane, and adjufted by a mertdiari 
line * otherwiftj, obferve upon which 6r 
betweeri which polar, piarallel the term of 
illumination falls 5 its difliance from the pole 
is diedegree of the fun's declination : reckda 
this diflance from the equator among thd 
larger parallels, and you have the parallel 
which thfe fun defcribes that day ; upon which 
iif you move a card, cut in the form of a 
double fqitare, until its fliadow falls under 
itfelf, 3rou will obtain the very place upon 
tfiat parallel over which the fun is vertical 
at any hour of that day, if you fet the place 
you arc in under the graduated fide of the 
ftrong brafs meridian. 

Note, The moon's declination, diurnal 
paraltd and place, may be found in the fame 
manner. Likewife when the fun does not 
(hine bright, his declination, &c. may be 
found by an application in the manner of 
jroblem ^^ji 

' . T 2 PRO- 
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PROBLEM LX. 

m 

To find the fun's azimuth naturally. 

312* If a great circle at right angles to 
the horizon pafTes through the zenith and 
nadir, and alfo through the fun's center^ its 
diilance from the meridian in the nwrnifig 
or evening of any day, reckoned upon the 
degrees on the inner edge of the. broad 
paper circle^ will give the azimuth ie* 
quired. 

Method I. 

3 1 3 • Elevate either pole to the pofition 
of a parallel fphere, by bringing the north 
pole in north latitude, and the fouth pole 
in fouth latitude, into the zenith of the 
broad paper circle, having firft placed the 
globe upon your meridian line, or by the. 
other method before prefcribed ; hold up a 
plumb-line fo that it may pafs freely near 
the outward edge of the broad paper circK. 
and move it fo that the fhadow of the 
firing may fall upon. the elevated pole^ then 
call your eye immediately to its fhadow oa 
the broad paper circle, and the degree it 

there 
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there falls upon is the fun's Azimuth at that 
time^ wHich may be reckoned from either 
the fbuth or north points of the horizon. 

r 

M E T H O D IL 

314. If you have only a glimpfe, or 
faint fight of the fun, the globe being ad- 
jufted as before, ftand on the fhady fide, 
and hold the plumb-line on^ that fide alib^ 
and move it till it cuts the fun's center, and 
the' elevated pole at the fame time, then 
caft your eye towards the broad paper circle, 
9nd the degree it there cuts is the fun's azi- 
muth, which muft be reckoned from the 
oppofite cardinal point. 

PROBLEM LXI. 

To (hew that in fome places of the 
earth's furface, the fun will be 
twice on the fame azimuth in the. 
morning, twice on the fame azi- 
muth in the afternoon ; or, in 
other words, 

315. When the declination of the fun 
CKceeds the latitude of any place, on either 

T 3 fide 
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iide of the equator, the fun will be oq the 
fame azimuth t^icc iii the morning, an4 
twice in the dfternoon. : 

Thus, fuppofe the globe reftified to the 
latitude of Antigua, which is in about 17 
deg. of north latitude, and tlie fun to be in 
the beginnihg of ■ C^cer, or to have tbc 
gi*eateft nbrth decliniation ; fet the quadrant 
pf altitude to the 21ft degree north of the 
^aft in the hdrizon, and turn the globe upon 
its axis, the fun's; center will be on that 
^^simuth at 6 h. 30 niin. and alfb at 10 hi 
30 min. in the morning. At 8 h. 3bmin. 
the fun will be as it were ftationary witH 
refpeiS to its azimuth for fome time, as 
will appear by placing the quadrant of al- 
titude to the 17th degree north of the eaft 

A " • ' • • • 

m the horizon. If the quadrant be fet to 
the fame degrees north of the weft, the fun's 
center will crofs it twice as it approaches 
the horizon in the afternoon. 

This appearance will happen more or 
lefs to all places fituated in the torrid zone, 
whenever the fun's declination exceeds their 
latitude; and from hence we* riiay infer, 
that the fhadow of a dial, whole gnomon 
IS eredted perpendicular to an horizontal 

plane. 
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plane^ muft neceflarily go baek feveral de- 
grees on the fame day. 

But as this can only happen within the 
forrid zone, and as Jerufalen:]^^ lies about B 
degrees to the north of the tifSppic of Canr 
ccr, the retrqceffion of the fbadbw :6n. the 
4ial of Ahaz at Jerufalem was, in the ftridleft 
^gnification of the word^ miraculous. 

PROBLEM LXII. 

To obferve-the hour of the day ii^ 
the moft natural manner, when 
the terreftrial globe is properly 
placed in the fun-fhine. 

316. There are many ways to perform 
this operation with refped to the hour, 
three of which are here inferted, being ge- 
neral to all the inhabitants of the earth ; a 
fourth is added peculiar to thofe of London, 
^hich will anfwer, without fenfible error, 
at any place not exceeding the diftance of 
60 miles from this capital. 



T 4 ift, ^y 



• * 
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I ft, By a natural ftile. 

317. Having reftified the globe as before 
diredtedy and placed it upon an horizontal 
plane over your meridian line, or by the 
other .method, hold a long pin upon the 
illuminated pole in the diredlion of the 
polar axis, and its fhadow will fhew the: 
hour of the day amongft the polar pa- 
rallels. 

The axis of the globe being the com- 
mon feftion of the hour circles, is in the 
plane of each ; and as we fuppofe the globe 
to be properly adjufted, they will corrc- 
Ipond with thofe in the heavens ; there- 
fore the fhade of a pin, which is the axis 
continued, muft fall upon the true hour 
circle, 

2dly, By an artificial ftile. 

318, Tie a fmall firing with a noo/e 
round the elevated pole, ftretch its other 
end beyond the globe, and move it fo that 
the fliadow of the ftring may fall upo 
the deprefled axis ; at that inftant its fha 
dow upon the equator will give the fola 
hour to a minute, 

JBu 
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But remember, that either the autumnal 
or vernal equinodlial colure muft firft be 
placed under the graduated fide of the ftrong 
brafs meridian before you obferve the hour, 
each of thefe being marked upon the equa- 
tor with the hour XII. 

The ftring in this lad: cafe being moved , 
into the plane of the fun, correfponds with 
the true hour circle, and confequently gives 
the true hour. 

3dly, Without any ftile at all. i 
t 

319. Every thing being re^ftified as be-» I 
fore, look where the fliade of cxtuberancy 
cuts the equator, the colure being u 
der the graduated fide of the Arong bralj 
meridian, and you obtain the hour in twq j 
places upon the equator, one of them • 
going before, and the other following the 
iun. 

Note, If this /liade be dubious, apply a 
pin or your finger as before directed. 

The reafon is, that the (hade of extu- 
berancy being a great circle, cuts the equa- 
tor in half, and the fun, m whatfoever pa- 
rallel of declination he may happen to be. 



aS^ JOifitiptim and VJk of th, 

^ always inf the^ pojie of the iQiade ; con&r 
giiendy t^ confines of light and ihade wil} 
£he^ the tri^e hour of the.da3^« 

r ' > - ' 

I 

^thly, Peculiar to the inhabitants of 
!|L>Qndon, and its environs, within 

^ ■ - * . • 

: the diftance of fxxty miles. 

3 2o* The globe being every way adjufled 
^s before, and London brought under the 
graduated fide of the ftrong brafs meridian, 
hold up a plumb-line, io that its fhadow 
may fall upon the zenith point, (which in 
fhis cafe is London itfelf) and the (hadow 
of the firing will cut the parallel of the 
day upon that j5oint to which the fun is 
then vertical, and that hour circle upon 
which this interfedlion falls, is the hour of 
the day ; and as the meridians are drawn 
within the tropics at 20 minutes diftance 
from each other, the point cut by the in- 
terfedion of the ftring upon the parallel of 
the day, being fo near the equator, may, 
by a glance of the obferver's eye, be re- 
ferred thereto, and the true time obtained 
to a minute. 

The 



» 
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The plumb-line thus moved is the azi- 
muth, which, by cutting the parallel of the 
day, gives the fun's place, and confequently 
the hour circle which interfefts it. 

, From this laft operation refults a corol- 
lary, that gives a fecond way of retflifying 
the globe to the fun's rays. 

If the azimuth and fliade of the illumi- 
nated axis agree in the hour when the globe: 
is reftified, then making them thus to agree 
muft rcdlify the globe. 

Corollary. 

Another method to reftify the globe 

to the fun's rays. 

3Z1. Move the globe till the fliadow of 
the plumb-line, which paffes through the 
zenith, cuts the fame hour on the parallel 
of the day, that the fliade of the pin held 
in the diredlion of the axis falls upon, 
amongft the polar parallels, and the globe 
is roSiiied. 

The reafon is, that the fliadow of the 
axis reprefents an hour circle ; ajid by its 
agreement in the fame hour, which the 
thadow of the azimuth firing points out, 
by 



;r. Ri=in- the ci 



Ctkftial and rcrrs^rlJ GJiic. zt^ 

of the horizon ; if Venus is zhc:i cjc 
/he will rile before the fan, 2:zz be 2 
ing ftar ; but if the is d^prsfei bcZ : 
horizon, llie muil then coafequdtiT fiClc 
the. fun, and become an evening :izr. 

PROBLEM LXTV. 

To find at whar time of the nigir: 
any planet may be vievred wizz l 
reflecting teleicope. 

323. Reiftify the celeiiil z^zhc t- fje 
latitude and fun's place, irt, i?-;, 29^. isa: 
the planet's place and Utituce in m ecce- 
meris ; to which pi ice ia ie nDciic, in 
the artificial moon to repreient the plizs-:, 
and it will ihew its pLice i:z the hMT^n.-: 
bring the planet's rcprelenudvc :c :heei:irm 
iide of the horizon, and the hcrirr Lrjiix 
will fhew the time of its ri£n2 ; if thie ir- 
tiiicial fun is then elevated, the z^ir^fiz -^H 
not be vifible at that time by memr :r:'h:r 
fuperior light; thererbre turn the zWi^t :r:m 
caft to weft until the artifcis:] iV- ii it- 
preiTed below the circle cf t7.-l-;^h:, en. 
g^y and 216. where ftop the ric^bc, 1::^ 
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by its interferon on the parallel of the dayJB 
it fliews the fun to be in the plane of th 
faid parallel j which can never happen iir . 
the morning on the eaftern fide of the globe, 
nor in the evening on the weftern fide of it, 
but when the globe is redified. 

This reiftification" of the globe i$ onM 
placing it in fuch'a manner that the prirt 
cipal great circles, and points, may concii 
and fall in with thofe of the heavens. 

The many advantages arifing from thed 
capital problems relating to tlie placing c 
the globe in the fun's rays, an intelligent 
reader will eafily difcem, and readily ex- 
tend to his own as well as to the beneiit ofj 
his pupil. I 



PROBLEM LXIIl. 

To find when the planet Venus is 

a morning or an evening ftar. 

322, Redify the celeftial globe to the 
latitude and fun's place, art. 189, 190. find 
the place of Venus by an ephemeris, and i 
let the artificial moon to that place in tha: 
zodiac, which will reprefent the planet^ 
bring the artificial fwn to the eaftern edgi 
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.of the horizon; if Venus is then elevated, 
/he will rife before the fun, and be a morn- 
ing ftar ; but if ^flie is 4cpreHed below the 
horizon, Ihe muft then confequently follow 
the, fun, and become an evening ftar, 

PROBLEM LXIV, 

To find at what time of the night 
any planet may be viewed with a 
refleding tclefcope. 

323. Redlify the celeftial globe to the 
latitude and fun's place, art. 189, 190, fcek 
the planet's place and latitude in an ephe-- 
meris ; to which place in the zodiac, fet 
the artificial moon to reprefent the planet, 
and it will (hew its place in the heavens: 
bring the planet's rcprefentative to theeaftern 
fide of the horizon, and the horary index 
will fhew the time of its rifing ; if the ar- 
tificial fun is then elevated, the planet will^ 
not be vifible at that time by means of his 
fuperior light ; therefore turn the globe from 
cafl: to weft until the artificial fun is de- 
prefTed below the circle of twilight, art. 
93, and 216. where ftop the globe, and 

fcrew 
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'fctevir the nut of the quadrant of altitude m 
"the zeiiith, art. 192, lay its graduated cdg6 
on the center of the planet, and it will fheW 
in the horizon the azimuth or point of the 
cdmpafs, on which the planet may thpii be 
viewed in the heavens ; the horary index 
will at the fame time poiiit out the Hour ol" 
the night* When the planet comes to the 
ftfong brafs meridian, the index will fhew 
thfe tiiiie of its paflage over that celeftial 
circle ; and at the weftern edge of the ho- 
rizon, the time of its fetting will likewiffe 
be obtained. 



r • 
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PROBLEM LXV. 

To find what azin^uth the moon is 
tipon at any place when it is 
flood or high water ; and thence 
the high tide for any day of the, 
moon's age at the feme place. 

324. Having obferved the hour and mi^ 
nute of high water about the time of new 
or full moon, redlify the globe to the la- 
titude and fun's place, art. 189, igo^ find 
the moon's place and latitude in an ephe-l- 
meris, to which fet the artificial moon, and 
fcrew the quadrant of altitude in the zenith j 
turn the globe till' the horary index points! 
to the time of fidod, and lay the quadrant 
over the center of the artificial moon, and 
it will cut the horizon in the point of the 
compafs upon which the moon was, and 
the degrees on the horizon contained be- 
tween the ftrong brafs meridian and the 
quadrant, will be the moon's azimuth fronx 
HxQ fouth« 



T» 
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To find the time of high water at 

the fame place. 

325. RedSify the globe to the latitude and 
zenith> find the moon's place by an ephe- 
meris for the given day of her age, or day 
.of the month; and fct the artificial moon 
to dx^t place In the zodiac i put the qua- 
* drant of altitude to the azimuth before 
ff und, and turn the globe till the center of 
the artificial moon is* under its graduated 
edge, and the horary indiex will point to 
the time of the day on which it will be 
high water. 
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In the Solution of 

Right Angled Spherical Triaiigles< 

326. A Spherical triangle is formed upon 
-XJL the furface of a globe by the in- 
terfedtion of three great circles. 

327. A fpherical angle is the interfedlion 
of two great circles that incline to one an- 
other ; the quantity of any fpherical angle 
is meafured by a third great circle, inter- 
cepted between the legs of the angle, at 
90 degrees diftance from the interfering 
point. 

328. A right angled fpherical triangle 
liath one right angle, the fides about which 

U arc 
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are called legs, and the (ide oppoiite to it 
the hypothenufe. 

329. An oblique angled fpherical tri- 
angle has its angles greater or lefs than 90 
degrees : the folution of fpherical triangles 
confifls in finding the meafure of its fides 
and angles. 

330. The fides of any fpherical triangle 
may be changed into angles^ and the angles 
into fides ; if for any one fide> and its pp- 
pofite angle, their complement to a Icmi- 
circle be taken* * 

C A S E I. 

PROBLEM LXVL 

The hypothenufe and one leg hm% 
given, to find the reft. 

In the right angled fpheridi triasgfe 
ABC, fig, 29. are given 

The hypothenufe BC 64 40 \ to find { , . C AC^^ 

The leg AC 42 izi . (. « ^Sfe««^ CB-^-A 

331. Fig. 30. elevate the pole P to 4- ^ 

12', the quantity of the given leg AC, a-^" 

number the fame quantity on the ftro^^ 

Iwra/S 
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orafs meridian from Mi^ the equator to Z, 
the zcriith; there fix the quadrant of altU 
tudc. Bring that meridian which palTes 
through London under the brafs meridian^ 
land count 64^ 40^ the meafure of the hy- 
pothenufe, on the quadrant downwards from 
Z to G> and movfe it till the pbiht G in-^ 
lerfedts the equator^ and the triangle XGM 
teill be formed. 

The fide & 7j reprefents the given fide 
AC, the hypothenufe B C is reprefented by 
the arch Z G, the required fide A B is re-^ 
prefented by G iE an arch of the equator, 
its^meafure 54^ 43', between R and G is 
the quantity fought ; the angle A C B, is 
reprefented by the angle GZiE, and its 
meafure is found on the arch A O of the 
Iborizon equal to 64^ 35^ 

332. To find the of her angle ABC> 
haring obtained the meafure of the fide B A, 
54^ 43', elevate the pole P agreeable there- 
to, and reckon the fame from -^ to Z; 
fUere fix the quadrant of altitude; number 
tBe other leg AC, 42^ 12' from iE to G 
oh die equator (the nielridian paffirig through 
London remaining as before) and to that 
point bring the quadrant of attitude \ then 

U 2 the 
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the arch AO, on the horizon, will contaia 
48^ 00', the meafure of the angle RZG, 
equal to ABC, the angle fought. 



CASE II. 
PROBLEM LXVIL 

The hypothefiufe and an angle being 
given, to find the reft. 

In the right angled triangle ABC, fig. 
29, are given 



The hypothenufc BC 64 
•The angle ACB 64 35 



40 ? to find < 



rth^ angle ABC 



Che 



^^& {ac 



333. Fig. 33. place Pp the poles of the 
globe in the horizon H O, and fix the qua- 
drant of altitude to Z the zenith ; number 
64^ 35', the meafure of the given angle, 
upon the horizon from iE to F ; move die 
quadrant to the point F, and thereon count 
64^ 40', the quantity of the hypothenufc 
from Z downwards to G, to which point 
bring that graduated meridian which paffcs 
through Libra ^ , and the triangle G Z - 
will be formed. 

ZG 
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ZG ^n arch of the quadrant of altitude 
reprefents tHe hypothenufe ; Z ^ an arch 
of the equator reprefents the required fide 
AC equal to 42® 12', and G ^ an arch 
of the meridian; P ^ p equal to 54^43', 
is the meafure of the other required fide 
AB. 

Now having found the fide A B, adjacent 
to the required angle ABC, its meafure 
may be found by art. 332. 

CASE III. 
PROBLEM LXVIII. 

A leg and its adjacent angle being 
given, to find the reft. 

In the right angled triangle ABC, fig. 
29. are given 

the leg AC 

the angle AC3 

X^^ angle ABC 48 60 J (. the hyp. BC 

334, Fig. 30. elevate the pole P, to 54^ 
43', the quantity of the given leg BA; 
count the fame from M to Z, and fix the 
qnStdrant at Z ; bring that meridian which 
paflcs through London under the ilrong 

U 3 brafs 



The leg BA 54 43 > to find < the angle AC3 
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brafs meridianji and reckon the given ai;^le 
48^ <;w'5 from O to A, on tlje bofisPQa 
bripg die quadrant to A, an4 the triangle • 
7/GJE will be formed. 

We have the nieafure of th.15 reqi^r^d ficfi^ 
CA upon MG an ^ch of tbp eqpatoTa 
equal to 42° 12', and the hypothenufe ^C^ 
upon GZ, an arch.of the quadrant, equal 
^o 64° 40^ the angle A C B may l?QibHO<ji 
by^rt, 332, 

CASE IV, 

PROBLEM LXIX* 
Both legs given, to find the reft^ 

In the right angled triangle ABC, fig^ 
29. are given 

r o ' "I (the hyp. CB. 

335. Fig, 30, elevate the globe to th^S 
quantity of either given leg as AC„ 42^ 12^3^ 
number the fame from JE to Z, and fix th^^ 
quadrant at Z, fet the meridian which pa^e^- 
through Londpn under theitrong brafs tog 

Tjdian, and count th? oth?r given leg^ A B 
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54^ 43' upon the equator from M to G, 
bring the quadrant to G^ and the trian^e 
ZGM will be formed. 

Thc^ arch Z G on the quadrant of alti- 
tude 64^ 40', is equ^l to B C the hypo- 
thenuie, the arch O A, 64P 3 5^ on the ho- 
rizon^ is the n^eafure of the angle G ^ M^^ 
equal to the required angle ABC* The 
other angle njay be found by art. 332. 

CASE V. 

PROBLEM LXX. 

Both angles given, to find* the three 

. fides. 

In the right angled triangle ABC, fig, 
29. are given 

' f » / 7 f the hyp. 6C 

The aaglcsf ACB 64 35 ^ to find ^ , . , { AC 

336. In this fifth cafe, we muft have rd* 
CQurieto art. 33p> gjuj then we ihdl h^av? 
pa obljq^c angled fpheriicaji triangle a b<r^ 
fig* 31^ y^hoft fide a b is. equal to the aAgl^ 
AC B of the given tri^glej; jtl?e fitie t) f^ 
equal to the angle AQC; and th« ^de^^pj 

U 4 equal 



tgS Defcriptim tind Ufe of the 

equal to the complement of the right angle 
to . 1 80 degrees, which muft therefore nc- 
ceffarily be 90 degrees. 

337. Fig. 30.- number 48^ 00' the ftdc 
be of this fecohd triangle, -from P, the 
pole of the globe to Z, and there fix the 
quadrant of altitude ; then bting the point 
Z into the zenith, art. 192. and count 90^ 
00' the quantity of thd fide a c, from P the 
pole to G, upon that meridian which paffes 
through ^ ; number the. fide a b, 64^ 35' 
upon the quadrant of altitude downwards 
from Z to G, then move the globe and the 
quadrant, until thefe quantities meet in one 
point at G, and the triangle P Z G will be 
formed. 

. The al'ch MGy on the equator, will give 
the meafure of the angle -^ P G 54^ 43', 
equal to the required fide AB; and the 
arch AO, in the horizon, that of the angle 
GTjM 64® 40', which is the complement of 
the angle PZ G to 180 degrees, and is equal 
to the hypothenufe BC : thus having obtained 
the meafures of two of the required fides, 
we have fufiicier>t data to find the third fide 
A 0, cither by the firft: or fecond of the pre- 
ceding cafes, art. 331, 333, 
^ The 
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The ufe of the Globes in the 
fblution of oblique angled 
fbherical triangles. 

CASE I. 

PROBLEM LXXI. 
Two fides and an angle oppofite to 
one of them being given, to find 
the reft. 

In the oblique angled fpherical triangle 
B C D5 fig. 32. are given 

Thefidesy^^ ^°3 "S] f the fide BD 

4 nc i^C8^ ^jy -6 o Uq find \ , . ( BCD 

338. Fig. 30. Count the fide BC 83^ 
13^ on the ftrong brafs meridian from P 
to Z ; fix the quadrant of altitude at Z^ and 
bring that point into the zenith y and from 
Z downwards to G, number 56^ 40^5 where 
make a mark for the extent of the other fide 
C D, and reckon its oppofite angle D B C, 
48^ 31', on the equator from the point ^ 

at 



at G eaftward, towards M^ where flop the ' 
globe^ and bring the mark upon the qjua- 
drant to coincide at G widi the meri^an 
F<r^ wlttch paiF<i8 thnou^ ^ ^ ^n Ulat arch 
PG will contain 114^ 30', the meafiuFe of 
the required fide BD; and the arch HA 
in the horizon 125^ 20^ will be the mea- 
fure of the angle B C D i the other ^ngle 
P G G9 equal to the required angle B D C, 
may be found by art. 332, in changing the 
fides upon the globe. Or, 

3 3 9 • If you make a mark oh the globe di- 
reftly under the point Z, and bfing the point 
G to the zenith, over which the quadrant of 
altitude is to be fixed, and lay its graduated 
edge upon the point juft marked ; it will 
fhew in the horizon, between the ftrong 
brafs meridian and quadrant, 62^ 51^ the 
meafure of the required angle P G Z, equal 
to the angle B D C, ^ 



CASE 



« 

C A S E It. 
PROBLEM LXXIf. 

TvyO; ^gk§ atfwj ^ fi^je oppofite to 
one of tljem, being given, to find 
the reft. 

In . Uie oWique aftgledi tjiangle B C D> 
fig. 32, are given » 

The angles {|£g T. ^^ } to fi^iJ *«= fi«^« { BD 
The fide BC 83 133 C the angle I>BC 

340. Fig, 30. Reckon the angle B D C, 
6z^ 51', which is oppofite to the given fide 
upon the equator from ^ ^aftwards, and 
bring that point to M ; count the given fide 
BC, 83^ 13' upon the quadrant of altitude 
from Z dov^nwards to G, where make a 
mark, and number the other given angle 
BCD 125° 30', in the horizon from H to 
A 5 fet the lower end of the quadrant to the 
point A, and ho^d it there while you Hide 
the pole of the glgbe high^ or lower, until 
the mark on the quadrant at G interfedt? 
^t meridian whiich paiTes thrc^lglj^ ^^zn^ 

at 
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at the fame time, that the nut at the up- 
per end of it niay be exacflly in the zenith, 
where fix it, and the triapgle PZG will 
be formed. 

The arch P Z, of the ftrong brafs meri- 
dian, contains 56° 40', the quantity of the 
required fide C D, and the arch PG 114^ 
30', is equal to the other required fide B D, 
the angle DBC may be found by art. 332, 
or 339, 

CASE III. 

PROBLEM LXXIII. 

Two fides and their coatained angle 
, given, to find the reft. 

In the oblique angled triangle BCD, 
fig- 32. are given 



The fid 

The angle 



o / 
,, 5 BC 83 137 r the fide BD 

^^^^ ^ DC 56 40 > to find \ , ^ DBC 



'341. Fig. 30. Count the fide CD 560 
40' from P to^ on the ftrong' brafs me- 
ridian ; bring the point Z into the zenith, 
and to it fix the quadrant of altitude, and 

number 
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number from Z downwards to G, the quan- 
tity of the fide BC 83^ 13^ and there 
make a mark ; then count the given angle 
BCD, 125^ 30', on the horizon from H 
to A, and to A bring the quadrant; laftly, 
bring the meridian which paffes through ^ 
to the point G marked on the quadrant, 
and the arch PG, 114^ 30', will be the 
meafure of the required fide B D, and the 
equatorial arch ^G, 63^ 51' is the mea- 
fure of the angle B D C, equal to the angle 
G P Z : the other angle may be found as 
before fhewn, art. 332, 339. ^ : ;/ 

■' '.*■•■ . ' 

CASE IV. :vi '■. .; 

PROBLEM LXXIV. ^la^ii^^ 

Two angles and thje included fide 
given, to find the reft. 

In the oblique angled triangle BCD, 
%• 3 2> are given 

The fide CD 56 40I ( the angles DBC 

342. Fig. 30. Number the fide CD, 56^ 
40', frqpi P tQ Z> and bring Z into the 

zenith. 



izenith, atti fix the quadrant thferii afioi 
count the angle BDC, fri° 51' 6h tfed 
equator, from « to ^ ; htimbter the angle 
]6CD, 125° 30', upon the horizon frbm li 
to A, and bring the quadrant to A ; then 
P<5, ii4<* 30*, will bfe ttiudl to fife* the 
/equifed fide, GZ 83° 13' equal to the 

fither required fide B C, and the angle 
^G^ equal to the angle DBC, maybe 
found by aft. 332, 339. 

CASE V. 

PROBLEM LXXV. 

Three fides giVenj to firid the angle* 

■ 

la the oblique angled triangle BCD, 
fig. 3 2i are given 

rDC 83 137 fBCD 

The fides I CD 56 40 > to find the angles < CDB 

IbD 114 30) (DBC 

343. Fig* 30* Number the fide CD 56^ 
40', on the ftrong brafs meridian from P to 
Z> bring Z into the zenith, and to it fix the 
quadrant of altitude ; count the fide B D, 
114^ 30' on the meridian, which pafles 
through ^ from P to G, and the •fide C B 

83^ 
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83** 13' upon the qoadraflt from Z dbwh- 
\md^ to (5, then movt the globe a&d qua- 
\fraflt, nndi the two laft points coincide. 
Hie arch HA J25* io' on the horizon 
A/frlU be th« meilUre of the angl6 P 2> <^, 
equd to ihe required ^gk BCD; the ar<^h 
^S of the equator 82° 15', is the meafure 
of the angle CPZ, equdl to the angle 
B i> C. Irhus having found two of the re- 
quired angles, the third may be found by 
««• 3^2, 339. 

CASE VI. 

PROBLEM LXXVI. 

The angles given, to find the fides. 

In the oblique aogled triangle BCD, 
fig. 32, ane given 

(BCD 125 ;tol fBC 

The angles < CDB 62 5 1 > (o find the fides < CD 

IDBC 48 31} CDB 

344* This cafe may be refolved as the 
fifth cafe of right angled iphcrical triangles, 
aiaU 336. by converting the angles into fides, 
then finding the angles as in the lail pro- 
blem^ 
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blem, where the angles in the converted 
triangle will be the fides required in this. 

Having Ihewn how to folve all the cafes 
in right and oblique angled ipherical tri-^ 
angles, we proceed to fliew the exteniive 
ufe of the globes in the folution of a few of 
the principal aftronomical problems, ac- 
cording to Dr. Flamfted's dodrine of the 
Iphere ; and as we do not know thefe have 
ever yet been applied to the globes, hope the 
reader will think them both entertaining 
andufeful. 



T — \s^ 
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Thie Ufe of the Qlobes in the 
Solutitxn of ipherical Pro- 
blems, 



, /• ■ . / » 
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/ 



G.ivEN, the fun's place in the 
ecliptic in o 12*^ -ic'. The Ia"- 
. cliaation of ^e /plaaes , ,^f the. 
equatbr and jedipticy 2.3^29'. 

To, FIND th^iui>^''s, right ^fpeiijfiiori 
from the fir A point of Ariesj,. the 
funs diftance, frprn the north pole 
of the world, and the angle, which 
the meridian, pafling through the 
fun at that place, makes with the 
ecligtic. 

345. Fig. 34* The circular fpace marked 
©, i2i, vs, Y, reprefcnts the ecliptic, e its 
pole, P the north pole of the world, ele- 
vated 664 degrees- above the firft point -of &• 
The eye is fuppofed to be placed dire<Jlly 

X over 
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over the point e; when the reader cpmpar^s 
this figure with the globe. 
, . Make a mark 0$ at 12^ 15' in Taorus, 
to reprefent the fun^^s place in the ecliptic, 
and turn the globe till that merfdian which 
pafles through ^ interfedls the point © ; it 
will then repreien^ the &at% nieridian at 
thattixne. . , 

The gjobe being thus redified, we have 
betweeh the fuii's proper meridian f^ i& » and 
the^^oIft^tial coIm?e gr P vs^, here reprcfefitcd 
by the ftrong brafe mectdiaor with thfi arch 
20, a fpherical triangle o s P^ right 
angleit at'®» iri which we haVe" the 'follow- 
ih^ data. See fig. 34. 

® Qt 47^ 45', fhe complement of T 0> 
which is the fun's diftance from tlie firft 
point of Aries. 

25 P 66^ 3 1'y the cocnplement of P c, 23^ 
29^ the diftance of the poles of the equa- 
tor and ecliptic. 

To find the angla ffi P 0, the compfentent 
of O P t*, the fun's right afcenfion from 
the firft point of Aries, art. 202. 

The fide P O , the fun's diftance from the 
north pole of the world. * And 

The 
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The scngle S O P/ which is the angle th^t 
the meridian paffihg by the fun makes 
with the ecliptic; 

We obtaih the meafute of the fit^ft, by 
Aum(>ering tfte degrtecs upon tfrc ©^tiator, 
htt^ttti tite' ftrbrig Mfs meridiaAi dhicT tharf 
tvfricH prfflcs' tfhtodg^' ^, which arc ei^ttaf 
tci- ;jd*' 1 2', ift eompfifmeht j 3 9° 48'' is the 
lutt's' right afcenfiofi, whidl h tftSt a^^af 
tte- tWlc fbrtned' By the proper iftiri<fiatf 
tf W^Hh tfee tiioridkW t P. * ' " - 
• Ndttf, Yhiff arch of the tc^umv t(kM 
rtot be'rtprefetittti'm'%. 54" itbefn|vrhdfef 
the broad paper circle ; fmt tfte rfejtdtt -WiHf 
fee it plainly when the globe is thus redli- 
fied. 

The quantity of the fecond poflulatum, 
which is the fun's diftance from the neareft 
pole, is found by infpedion, 74° 27'' upon 
the arch P © of that meridian paffing thro' 
^» its complement P i, equal to 15° 33' 
is the diftance of the north pole from the 
edge of the illuminated difc, reprefentecj 
upon the globe, as in fig. 34. by the femi- 
. circle feg, the black line f e being the 
quadi^rit' of altitude, and the other dotted 

X 2 half 









• .' ^. 
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half e g being fuppofcd ; or^ if the reader 
pleafes^ . he may reprefent it with a ftring. 
This complement P i is, by Mr. Flamiled, 
called the refledioh, and is ever equal to 
the lun'is declination. 

LafHy, the meafure of Ae angle S O P, 
is obtained by fcrewing the_ quadrant to e, 
the pole and zenith point of the ecliptic, and 
counting 90 degrees from @ to f ; thither, 
bring its lower end, then will the arch o \ 
be a jquadrant alfo i and the quantiQr 72^ 
10', counted from f toi> upon the quadrant 
of altitude,, is the meafure of the required 
jangle S & P, formed by the meridian i P S 
with the ecliptic O ffi a. 



PROBLEM 



Cek/lial and l^erreftrial Globes. 309 

PROBLEM LXXVIII. 

Given, the fun's place in the eclip- 
tic o 12° 15', the refledion or 
lieclination 15° 33', and latitude 
of the place, fuppofe London, 

51° 32'- 
To find the time of the fun's rifing 

and fetting ; the length of the 
day and night ; the amplitude of 
the rifing-fun from the eaft, and 
of the fetting-fun from the weft; 
and that of the path of our ver- 
tex in the edge of the illuminated 
difc. 

346* Fig. 35. elevate P, the pole of the 
globe, to 15^ 33', the fun's declination, 
above the plane of B d G i, the circle of 
illumination : count the fame quantity from 
M the equator to o , at which point fix the 
quadrant of altitude ; this point w^ill repre- 
fent the fun's place ; make a mark upon the 
globe on that meridian wJiich pailes through 

X 3 ^aat 
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A at 51^ 32', the given latitude 5 this will 
exprefs a point in the path of the vertex of 
London : bring this point to the edge of th?i 
difc at B, and fet the lower end of the qua* 
drant thereto : B is that point in the difc 
from which the funis feen to rife^ or where 
the vertex of London in its diurnal motion 
from weft to eaft, pafles out of the obfcure 
into the enlightened part of the difc 5 i P d 
is the fun's proper meridian, which is re- 
prefented in this by the ftrong brafs meri-« 
dian. O is the place at which the vertex 
of London arrives at nopn, being 51^ 32' 
from M the equator to O, and G the place 
in the difc, from which the fun is feen to 
fet, or where the vertex palfes out of the 
illuminated into the obfcure part of the difc, 
B O G is the diurnal, and G — B, on the 
other fide of the difc, (not here reprefented, 
but to be ittn upon the globe) is the noc-^ 
lurnal part of the path of London. 

If ypu bring the mark on that meridian 
which pafles through ^ to the point G, and 
the quadrant of altitude to the fame point, 
it will be plain that we ihall have two tri- 
angles formed on each fide of i P , the 
fun's proper meridian, viz. © PJ3, BiP,^ 

on 
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04 the oriental or afcending fide, and O P G^ 
i P G, on the occidental or defcending iide« 

In either of thefe four triangles there are 
fu^cient data to find what is required in 
this problem. In th^ tria^les O P6^ ^ PG, 
iu:e given, O P in both^ the fun's diftance 
from the pole, P B, equal to P O, the dif- 
tance of the vertex from the pole, which is 
always equal to Ae complement of the la- 
titude, with the iid^s o B, & G, ^ach equal 
to 90 degrees. 

To find the angle P B 0, or P G O, the 
fun's amplitude from the north, when rifing 
or fetting ^ and the angle O P B, or o P G, 
the time before noon. But as the two lail 
mentioned angles are obtufe, we qhufe to 
refolve this problem by one of the two lefler 
triangles P B i, P G i, each of them being 
right angled at i, in which are given, P i, 
the refledtion, 15^ 33', equal to the decli- 
nation, B P, equal to P G, 38"^ 28', the dif- 
Cance of the pole from the vertex. 

To find the angle P B i, or P G i, the 
complement of © B i, or © G i, the fun's 
amplitude at rifing or fetting from the eaft 
or weft, and the angle i P B, equal to the 
angle i P G, which are formed between the 

X 4 fun'a 



3 12 Defcriptton nnd Ufe of the ' 

fun's pr6pertneridiin, arid fliat which pailei 
through the vertei kt iiln-Hfing or fettingt 
this changed ifit6 'time; exprefles the time 
iTrom itfidnight, of iiltl-riirng athd' fe*tting, 
llie fide Bi is cil1^M"th6*itnpliWde of the 
ipath of London in the edge 6f the difc, and 
thefe are obtaihed '&6m the globe as fol- 
lows. 

t » 

The meafure of the angle B P i is obtain- 
ed' by infpedion, reckoning from ^ upon 
the equator to the ilrong brafs meridian, 
which is 96° 31' : if reduced to time, it is 
4h. 38 min. in the fnotnin^, at which time 
thq fun rifes at London, When he is in 
12^ 15', and confequently fets at 7 h. 22 m. 
afternoon. See art. 249. 

The quantity* 35^ 38^ of the required 
fide B i, is obtained by infpedion between 
B and i, upon the edge of the difc: 

The meafure of the angle P B i may be 
attained as follows : every thing elfe remain- 
ing as before, bring the graduated edge of 
the moveable meridian to the firft point of 
T on jthe ecliptic ; then count the comple- 
ment 54^ 22' of the fide B i, from i to x, 
where make a mark; and count the com- 
plebdeht of BP, 51^ 32' from Pto y, upon 

the 
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die moveable meridian, where make* another 
tasixk ;^ remove the quadrant of altitude, and 
apply it between thefe two marks, and the 
quantity 25^ 31^ is the meafure of the angle 
PB i, ait. 327. This is the fun's amplitude 
ironi the eaft, or N.E: 3"^ i^ eailerly. 

PROBLEM LXXIX. 

Given, the latitude of the place 5 1 ^ 
32', or rather its complement 38^ 
28', which is the diftance of the 
path of the vertex from the pole, 
and the fun's diftance from the 
pole, 74^ 27', which is the com- 
plement of his declination 150 

33'. 

To find the fun's diftance from the 
vertex at the hour of fix, and his 
amplitude at that time. 

337. Fig. 35. Elevate P, the pole of the 
globe^ to 15^ 53', the declination j bring the 
moveable meridian to that which pafles 
through London i Aide the artificial horizon 

to 
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40 51^ 32^ the latitude of the place^ and 
turn the globe tiU the £Lxth hour upon the 
^e^uator comes under the graduated fide of 
the Arong brafs meridian ; then the move- 
able meridian, together with that which 
paffes thro' ^ > will reprefcnt the fix o'clock 
hour-circle F K, P A gi fix the quadrant of 
altitude to 15^ 33 ^ at the point ©, counted 
from I£a the equator ; turn the quadrant to 
the point K, whigh reprefents the center of 
the artificial horizon, and the proper tri- 
angles will be formed* 

In the right angled fpherical triangles 
A P , K P O J right angled at P, are given 
PK, equal to PA, 38^ 28^ the diftance 
of the vertex from the pole, P, the path's 
diftance from the pole 74^ 27^ To find 
© K, or A, the fun's diftance from the 
vertex at the hour of fix, and either of the 
angles, © AP, or O KP, the fun's azimuth 
from the north at the fame time* 

It is plain that P O > being the fun's pro- 
per meridian, F P g at right angles to it, 
muft be the hour-circle of fix in the morn- 
ing and evening, and that the fun rifes, 
when the vertex B comes in the weftern 
edge of the fun's enlightened difc. Therefore 

IX. 
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it muft be at K» at fix o'dock in tke morn-* 
ing ; at noon the vertex will be at O, upon 
O P, jhe fun's proper meridian ; and at fix 
in the evening it will be at A, upon the fix 
o'clock hour-circle again; and when the 
vertex arrives at G, upon the eaftern edge 
of the difc, the fun will be feen to fet weft-i- 
ward of the vertex. 

The required fide o K, which is the fun's 
diitance from the vertex, is found by count- 
ing the quantity 77^ 53^ upon the quadrant, 
from o to K ; and the angle © K P, 80^ 
11^5 the fun's azimuth from the north may 
be meafured by producing the fide K O, to 
90 degrees frpm K to m, (art. 327.) the 
fide KP being already produced on the 
other fide of the fl:rong brafs meridian, K P 
is known to be 38^ 28^; therefore count 
its complement 51^ 32^ from P to ri, upon 
that meridian which pafies through ^ , and 
there make a mark ; now remove the qua« 
drant of altitude to cut the oppofite point 
-of the horizon to that at which it flood be- 
^re, and count thereon from o down- 
wards 12^ 07' to m, where make another 
mark ; then an arch of a great circle applied 

to 
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to thefe two marks will give 80^ 11', the 
fun's azimuth from the north. 

Note, A flexible femicircle of pofition, if 
applied with the quadrant of altitude, willbe 
found ufeful in this and many other cafes* 

PROBLEM LXXX. 

To find the fun's diftance from the 
vertex when due eaft or weft, 
and the hour, or time from noon, 
when he (hall be in either of 
thefe points. 

348. Fig. 35. the north pole of the globe 
being elevated to the fun's declination, as 
in the laft problem, and xht quadrant fixed 
at © as before, the moveable meridian placed 
on that of London, and the center of the 
artificial horizon fet to the fame point; 
turn the globe fo that the graduated edge 
of the quadrant may lie upon the eaft and. 
weft points of the artificial horizon, and the 
triangle K P will be formed ; in which 
is given O P, the fun's diftance from the 
pole 74"^ 27' J PK the diftance of the 
path fiom the pole, 38^ 21'; © K, the 

fun's 
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fun*s diftance from the vertex, when due 
caft and weft, may be found by infpedtion, 
counting from to K upon the quadrant, 
70^ o' : the meafure of the angle O P K 
k alfo obtained upon the equator, counting 
from that point where it is croiTed by the 
quadrant of altitude, to its interfedtion with 
the graduated fide of the Arong brafs meri- 
dian, 77^ 53', in time ^h. 9 m. from 
noon, which is 51 min. paft 6 in the morn- 
ing ; or at, 9 min. paft 5 in the afternoon, 
when the fun is due eaft or weft. 

The fun's diftance 70^ o' from the ver- 
tex as found above, when du« eaft or weft 
fubtra^ted from 90 degrees, leaves 20 deg. 
which is its altitude above the horizon at 
either of thele times, for v, w, are 
quadrants, from which if we jtake K in 
the firft, or A in the fecond, it is K v 
in one, and A w in the other, equal to the 
ism's height. 



PROBLEM 
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PROHLEM LXXXL 

Given the hour from noon, viz, 8 in 
the mo(mingy^ which i« 4. hour* 
fromr noon, attd fhefun*8 di^ance 
from the pole^ 74^ 27'. 

To fii>d his diftance from the vertex^ 

349. Fig. 35. elevate P the pole of t&g 
globe to the fun's decliniation, i^ 33'; fef 
the moveable meridian to the vertex of Loft- 
don, and Aide the center of the artificial 
horizon to that point at K, and turii tfee 
^be, until the eightli hour-circle marked 
upon the equator comes under the graduatled 
fide of the ftrong brafs meridiail ; the qua- 
drant of altitude being fixed at the point 
as before, turn it to the point K, and thfe 
triangle <S PK will be formed; in which 
is given the angle KP 0, four hetifs froni 
noon, P K, 38^ 28' the diftance of the 
path from the pole ; © K the fun's diftance 
from the vertex will then be found, by in- 
Ipeftion on the quadrant, counting from o 
to K 59^ 2o^ 

PROBLEM 



r 
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PROBLEM LXXXII. 
Given the fun's diftance from the 

I pole 74" 27', the latitude of the 
place $t° 32', and the fun's dif- 
tance from the vertex by obfer- 
vation, 46° 11'. 
To find the time of the day when 

Ithat obfervation was made, and 
the azimuth upon which the fun 
was at that time. 
350. Fig. 35. elevate P, the pole of the 
globe, to 15^33' the complement of thefun's 
diftance from the pole ; bring the moveable 
meridian to the vertex of London, and ilide 
the center gf the artificial horizon to that 
point : then fcrew the quadrant to © the 
zenith of the illuminated diik, and bring 
its graduated edge to London ; and move 
the globe and quadrant, that the vertex may 
cut the quadrant at 46° 11', the obferved 
diftance counted from o to K ; and an ob- 
'. Hque angled triangle KP will be formed 
pen the g^obe, in which we have three 
iides 
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fides given, © P, 74^ 2y' the fun's diftance 
from the pole,-© K his obfervedvdiftance 
from the vertex 46^ 1 1 ( in the morning, 
andKP 38^ 28' the difiance of the pole 
frond the vertex : to ifind thje angle K P ©, 
count the quantity containedupon the equa- 
tor, between the^moveable and .ftrong brafs 
meridians, which will be found 36^ 23', or 
2 h. 25 m. in time from noon; which is 3-5 
minutes pad 9 o'clock in the morning. 

The angle P K © may be meafured by 
producing the . arches which include the 
angle to the diftance of 90 deg. from the 
angular point as in art. 332, or by art. 339. 
and it will be found 127^ 40', or 11 points 
of the compafs from the north, reckoned 
round by the eaft, or SEbE, 3^ 35', 
foutherly. 

If the obfervation had been made in the 
afternoon, at the fame height or diftance 
from the vertex, the anfwers would have 
been the fame, but in a contrary direc- 
tion. 

By this problem we may regulate our 
clocks at any time of the day, without flay- 
ing till the fun comes to the meridian ; if 
the fun's altitude be taken by a large qua- 

dranty 
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drant> and you note the time by the clock 
when the obfervation was taken, and the true 
time arifwering thef'eto bd found as alcove, or 
by calculalion, the difference between this 
and the time pointed out hy the clock at the 
inilant of obfervation will fhew how much 
the clock is before or behind the fdlar ap- 
parent timei 

1>R0BLEM LXXXtiL 

Given, the latitude of the place 51^ 
32', the fun's place b 12° 15', 
the fun's tight afcenuon, 39° 48', 
at one o'clock afternoon, being 
the time when an obfervatioft was 
made: 

To find, what point of the ecliptid 
culminates upon the meridian^ 
which is this higheft point of itj 
tit thegoth degree from the points 
wherein it ihterfeds the horizon, 
and confequently thole points 
themfelves ; the diftatice of the 
tionagefimal and mid - heaven 

Y points 
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■ points from the vertex ; and the 
angle made by the vertical circle 
palTing through the fun at that 
time with the ecliptic. 

351. Fig. 34. elevate P the pole of the 
;gIobe to 667 degrees, count the fame quan- 
tity from M the equator to e, there fix the 
quadrant of altitude ; this point e, will thea 
be the pole of the broad paper circle marked 
T s :i VT, which now reprefents the eclip- 
tic, in which at © put a mark, at o 12° 
15' for the place of the fun ; bring the gra- 
duated edge of the moveable meridian firfl 
to the vertex of the given place, in this ex- 
ample London, and bring the center of the 
artificial horizon thereto ; next iet it to the 
point marked o , and the horary index to 
that Xllth hour upon the equator which is 
moft elevated, and turn the globe until the 
given time one hour from noon comes under 
the horary index. Then fet the graduated 
edge of the quadrant of altitude to the ver- 
tex at E, and the globe will be redlified for 
a folution of this problem, in which we 
have two ipherical triangks, P £ D, and 
ePE. 
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E is that point in the path on which the 
Vertex is at one o'clock afternoon ; D, that 
point of the ecliptic which then cuhninatCs 
upon the meridian E O S, the angle made 
by E o the vertical circle then pafling thro* 
the fun with the ecHptic ; the point T ia 
the ecliptic, which is cut by the quadrant, 
of ahilude palfing through E, is evidi 
the nearefl: point to the vertex, or the high* I 
eft or nonagefimal point of it. E T is tht J 
diftance of the point T from the vertex E, 
and E D the diftance of D from the vertex, 
which is the point then culminating upon 

»the meridian. 
In the triangle D 55 P, is given the angle 
<5 P D, the complement of t P D, which _ 
is the right afcenfion of the mid-heaveii# ] 

tthe fun's given right afcenfion 39^^ 
agreeable to the fun's place o 12° 15', at 
■noon, to which the addition of 15^ for one 
hour after noon, as we did above in refti- 
fying the globe, makes the angle x P D 
54° 48' the prefeht right afcenfion of the 
mid-heaven and P E D the meridian at that 
~ time ; P s 66° 3 i ', and 
, -fight. 



ngle 
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I. To find £p D, the complement of T 
D, the longitude of P D, the mid-heaven 
from the firft point of T, which is ob- 
tained on the ecliptic here reprefented by the 
broad paper circle between points S and D, 
32° 54', or between T andD, ^-j^ 6', the 
longitude itfelf, which is 27 deg, 6 min. in 
Taurus. D is tliat point of the ecliptic 
which culminates upon the meridian at that 
time, whence we may readily find what 
points of the ecliptic rife and fet at i. 
time. 

The quantity 70° 27' contained betw< 
P the pole of the globe and D upon th« 
moveable meridian, is the diflance of D the 
mid-heaven point from the polej if wc 
dedudl PE 38.28, or count the quantity 
between D and E, we ihall have 31** 59', 
theMiltance of the point D in the ecliptic 
which now culminates on the meridian from 
the vertex E, its complement to 90 degrees 
being 58° i' is the height of the ecliptic 
at this time, or the inclination of the ei 
tic to the horizon of the place. 

II. To find S) T, the complement 
,V T, which is the longitude of the nona- 

gefii 
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gefimal, and T E its diftance from tho 
vertex. 

In the oblique angled fpherical triangle 
PeE, are given Pe 23^ 29', the diftance 
of the poles of the equator and ecliptic, P Ey 
38*^ 28^ the co-latitude with the included 
angle cPE 144^ 48^ the complement , of 
35^ 12' the diftance of the mid-heavenr 
from the firft point of S to 180 degrees,* 
The meafure of this angle is obtained upon 
the equator between the ftrong brafs and the 
moveable meridians. 

To find the angle PeE, as it is included 
between S e, the ftrong brafs meridian, and 
cT the quadrant; we have its meafure 
24^ 44' upon the arch ^ T of the ecUptic; 
its complement 65^ 16' is T T, the longt7 
tude x>f the nonagefimal from the firft point 
of Aries, or 31 5^ 1 6' its diftance E T froni 
the vertex E, is gained on the quadrant of 
^titude 31^ 2^ the complement of which 
58^ 58' is the altitude of the ecliptic above 
the horizon at this time ; or it is the angle 
which the planes of the ecliptic and horizon 
make with each other 5 4s T is the higheft 
point of the ecliptic at this time, and it$ 
Jongitude in jf, 5^. 1 6', three figns or 90 

Y 3 degrees 



that 
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degrees counted on the broad papi 
from T towards x will give "Ji 5*^ 
that point of the ecliptic which is then riling, 
and the fame quantity counted from T I 
wards y will fall upon k 5° i6\ 
point is then fetting. 

III. To find the angle E T, being that 
which a vertical circle E O paffing througj 
the fun at that time makes with the eciy 
tic i this is called the parallaflic angle. 
" To reprefent this angle upon the globe, 
it is neceflary to have a flexible flip qf brafs, 
or a flip of parchment about tlie breadth 
cf the quadrant of altitude, with the di- 
vifions infcribed on it with a pen ; if 
Dip be applied to the point O and its 
duated edge laid over the vertex E, 
extended to the quadrant of altitude : 
removed to x 90 degrees from O, it will j 
terfetft the quadrant at w, the quantity uri 
the quadrant, from x tow, will be 56*^ 3a 
the meafure of the paralladiic angle E O 1 
The refult of this problem is as follows : J 

That point of the ecliptic which cul^ 
minates on the meridian is in C 27° 6', its 
diftance from the vertex 31° 59', the h 
•or nonagefimal point of the eclipti 



<■'■<*>. - ..^., 



<r**^^. «*wwri 



I-"- 



/. 


















.. •,. •■: - . ••■•- 



V- . - '^i 



r.'.'-f-^'r'-'i-i- ■. 



Cekftid and, Terrefirral Gkhes. 327 

S^^'p its diftance frcKn the vertex 31^ jt^i 
the rifing point of the ecliptic H 5^ 16!^ tts 
ietting point. H 5^ i6', the diftance of the 
nonagefimal fironx the mid-heaven 8^ lo/, 
and the parallactic angle at this time 56^ ^qf^ 

PROBLEM LXXXIV. - 

Given, the latitude of the place, 
right afceniion and declination o£ 
any point of the ecliptic, or of Sk. 
fixed ftar: 

To find its rifing or fetting ampli- 
tude, its dfcenfional difFerencej^ 
and thenqe its oblique afcenfion. 

352. Fig. 36. elevate P, the pole of the 
jglobe, to 51^ 32', the latitude of Lon- 
don ; then the diurna] parallel of the fixA 
point of Cancer wiU be icprefented by 
s Fy the tropic of that name^ marked 
S e F,^ in fig. 36,^ bring the firft point of s> 
on the ecliptic line to th^ graduated edge of 
die ftrong brafs meridian, i^d e virill be the 
point where it rifcs ; to this point bring the? 
graduated edge of the moveable meridian,. 

Y 4 repre^ 
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reprefpnted in the figure by Pegp, thcq 
a e, upon the horizon at H O^ or the angle 
a Z e, from the angular point Z m, the ze-. 
nith will be its rifing amplitude^ from the 
eaft at Aries, towards the north point of the 
horizon at o, and a g, determined by the 
moveable meridian, which now reprefents 
a circle of right afcenfion paffing through 
the points e and g, and the horizon its af^ 
cenfional diiFerence, which fubtra£ted from 
its right, leaves its pblique afcenfion. 

The afcenfional difiFerence is the difference 
between that point of the equator, which 
culminates upon the meridian, with the firft 
point of Cancer, and that other point of 
the equator which rifes with it above the 
horizon; it is here fubtraded, to find the 
oblique afcenfion 3 becaufe that point of the 
equator which rifes with the firft point of 
Cancer, comes to the horizon before the 
point of its right afcenfion, or that point 
with which it culminates upon the meridian. 

In the triangle age, we have g,e, the 
northern declination of the poipt e, in the 
diurnal parallel of the firfl point of Cancer, 
equal to 23^ 29', the angle gae, which 
\s the inclination of the planes of M Q^tlje 

equator,^ 
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P equator, and H O the horizon, with the 

angle at g right. Whence upon the horizon ■ 

we obtain between a and e, 39° 50', thtf | 

rifing amplitude of the firft pcint of S,J 

which is N E b E, and 5° 20' more. Upoft. 1 

the equator, frojn a to g, we find 33° 9', 

the afcenfional difference of the firft point 

of Cancer : which fubtraifted from 90 deg, 

the right afcenfion of that poiiit, leaves 

56° 51', its oblique afcenfion. 

Every thing elfe upon the globe remain-r 
ing the fame, if we bring the moveable^ 
meridian to the point n, where the tropic ' 
of Capricorn interfeits the horizon, we 
fiiall have another triangle a b n, equal to 
the former, wherein the firft point of Caprii- 
corn has the fame amplitude 23° 29' from 
a, in the eafl, to n, towards H, the fouth 
■part of the horizon, that the former tri- 
angle had towards the north ; and this 
added to the right afcenfion of the firft point 
of Capricorn, 270*^ 00', gives its oblique 
afcenfion 303° 09', becaufe that point of 
the equator which rifes with the firft point 
of Capricorn comes to the horizon after the 
point of its right afcenfion, or that with 
\vhich it culminates upon the meridiaii. 

353. Note, 



\ 



353. Note, Every ftar which rifes with 
any point of the ecb'ptic has the fame ol 
lique afcenfion with that point. 

The ftar marked v, in the leg of the con- 
iteliation Bootes, of the fourth magnitude, 
which is reprefented in fig. 36. at the point 
#, having its north declination f * 17^21', 
its afcenfional difference a f, rifes above the 
horizon with the fame point of the equa- 
tor with which c, in the diurnal parallel of 
the firft point of Cancer, rifes. So that hai 
ing its right afcenfion 204°, and declii 
tion 17° 21', its afcenfional difference 
oblique afcenfion may be found in the tri- 
-angle a f * , in the fame manner in which 
the former were fovind in the triangle 



:1(^ 
and 



As the afcenfional difierence is fubtnufted 
^om the right afcenfion to find the oblique 
afcenfion, if it be added to the ri^ht afcen- 
fion it will give the oblique defcenfion. For 
that point of the equator which fets with 
the diurnal parallel of the firft point of 
Cancer, comes to the horizon before thQ 
point of its right afcenfion, or il^at with 
which it culminates upon the meridian. 
Hence we have another method of findti 



the length of the day at London, or elfe- 
where^ when the fun is in tht fiiil point 
of Cancer, or any other parallel of his do 
clination, viz. 

354. Subtrad the fun's afcenfional dif* 
ference in time from fix in the morning, 
the refidue is thf time of bis riiing j add it 
to fix in the evening, ^nd it gives (hie time 
of his fetting ; then doubling the firft, you 
obtain the length of the night, and the 
double of the laft will be the length of the! 
day. And after this manner- all tbefe par<>* 
ticulars may be fpund to every internaediate 
point of the ecliptic in all latitudes. 

As the liung and fetting of fbme of the 
principal fixed itar^ are mentioned by an-^ 
cient writers, as criteria, by which to judge 
of the commencement of feqfons, and the 
jbeginning of times fet apart for rbligioQi 
hu^andry, politics, iScc, we have judged it 
neceflary to add th? foQowing problems 
98 a farther elucidation of the two former, 
gjtf 302and303, 



PROBLEM 
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PROBLEM LXXXV. 

Given, the latitude of the place, the 
points of the ecliptic with whict 
a ilar rifes or (ets, and the altitude 
of the nonagefimal, when thofe 
points are upon the horizon : 

Tp find in what points of the eclip- 
tic the fun muft be to make the 
ftar when rifing or fetting appear 
juft free from thtfolar rays; and 
thence the times of its heliacal 
riiing aod fetting, 

355. Fig. 36, Elevate P, the pole of the 
globe; to the latitude of the place, and fix 
the quadrant of altitude in the zenith at 
'2, and H O will reprefent the horizon* 
Turn the globe until the given ftar juft ap* 
pears at * in the edge of the horizon, and 
a ivill be that point of the ecliptic in which 
the fun muft be when the ftar rifes and fets 
with it : Let us fuppofe the ftar at * to be 
of the firft magnitude, whi(:h req^uircs that 

' ihe 
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the ifun fhould be depreflfed 12 degrees be^i^ 
low the horizon^ that the flar may appear 
free from the folar rays : having noted the 
point a, on the ecliptic, move, the quadrant 
until the 12th degree below the hwizoo 
interfSas fhe .ecliptic at. s^ then. <Z $• .will 
reprefent a verOcal drcU^ ift) whkrh the^jiso 
ats is deprefled 12 d^fees* 

So in the triangle a C S» right angled at 
C, we have the fides C S, 12 degrees, the 
requiiite depreffion of the fun below the 
horizon, to free the ftar from his ray$, or 
that point of the ecliptic at S, to make the 
ilar at # firft heliacally vifible when it rifes, 
or from which we may fee upon this other 
fide of the globe when it iets heliacally. 

The angle S a C is the altitude of the 
nonagelimal, or inclination of the planes of 
the ecliptic and horizon ; and the angle at 
C right, being formed by the interfedtioa 
of a vertical circle with the hori^^n : the 
meafure of the angle S a C, is obtained by 
inipedHon on the brafs meridian from O 
to vs, the point in which the tropic of Ca- 
pricorn cuts that circle ; the jfide a S, being 
an arch of the ecliptic, through which the 
fun.pafles, from the time the ilar at v riies 

with 
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with him to its heliacal rifing, or an arcfl 
of the fame quantity on the other fide o( 
the globe, through which the fun muft: 
have pafled from the time when the ftai" 
fet heliacally, to its fetting with the fun, 
which, as in the former cafe, added to the 
poftit of the cclipdc, in which the fun is 
when the ftar rifes with him, gives the point 
he is in at its heliacal riling; and in the 
latter cafe fubtradled from that point of the 
ecliptic the fun is in when the Itar fets with 
him, leaves the point he is in at the iame 
nar's heliacal fetting. 

Thus having found the points of the 
ecliptic in which the fun muft be when any 
ftar rifes or fets heliacally, againft thofe 
points in the kalendar, on the horizon, you 
obtain the month and day. 

As the diftances of the fixed ftars from 
one another have been found the fame in 
all ages, it is probable they have no real 
motion of preceflion, but only an apparent 
one, caufed by the retrocellion of theequi- 
no^ial points, which are found to recede 
from their ancient flations at the rate of 50 
feconds every year ; this alters their longi- 
tude, but their latitude does not vary : hence 
their 
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their places being once determined to a 
known year, their longitudes may be a(cer«* 
tailed for any time pad or to come, by 
the ible fubtradtion or addition of fb many 
times 50 feconds, as there are years between 
that to which the given ftar is redified, and 
that to which it is rcquif^ed; or knowing' 
the quantity of preceflion from any former 
period, the diftance thereof in time may be 
obtained, by reducing it into fecondSj and 
dividing the refult by 50^ the quotient will 
give the number of years, as in the follow** 
ing examples. 

Examples h 

Given, 1908 years. To find ihe quantity 
of the pre<;eflion for that time« 

1908 years 
Multiply by - - 5ojfecoads« 

mmmmmmmMmmmmmmtim 

60)1590 

Anfwer - - 26^ 30' pfec^on in. 1 908 
years. 
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Example IL 

Given, 26^ 30'^ the quantity of the pre- 
ceflion to find the time» 

Multiply by ^^ 

t59ominUte^4 
Multiply by 60 



•*— »• 



Divide by 50)95400 feconds* 

Anfwer - i9o8yqars/ 

The regular change in the preeeflion of 
^ the fixed ftars, or rather the conflant retro- 
greflion of the cquinoiftial poihts, feems to 
caufc an irregular variation in their right 
afcenfibns and declinations, more or lefs^ 
according to their diftances from the pole 
of the ecliptic. Whence it may not be 
improper to (hew how thefe may be foUrid, 
as the cofmical, achronical, and heliacal 
rifings and fettings of the fixed ftars, found 
by the preceding problems, have refpeft 
only to the prefent age : and the following 
problem, with which I ftiair conclude this 
treatife, will fhew the reader how to detcN 
mine the ancient place of any ftar agreeable 

to 
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to the time of ancient authors^ if their aii'* 
thority may be depended on^ 

PROBLEM LXXXVI. 

Given the latitude and ancient lon- 
gitude of a fixed ftar : 

To find its right afcenfion and de- 
clination. > 

Elevate the celeftial globe t6 664. degrees, 
bring the pole of the ecliptic into the zenith, 
and there fix the quadrant of altitude ; 
apply its graduated edge to the given fiar, 
and it will cut its prefent longitude, either 
on the ecliptic or broad paper circle, which 
in this pofition of the globe coincide with 
each other : make a mark on the quadrtnt, 
at the latitude of the given flar, and remove 
it to its ancient longitude, as found abore ; 
then bring the graduated edge of the move- 
able meridian to the mark juA made upon 
the quadrant of altitude, and fet the center^ 
of the artificial fun to that point which will 
then reprefent the ancient place of the given 
ibr. That point of the moveable meridian, 

Z upon 
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upon which the center of the artificial fun 
was placed^ is its ancient declination t dnd 
that point of the equator, cut by its gra- 
duated edge, is its andent right afcenfion. 

The globe bdng thus redtificd to the 
place and preceffion of any particular (tar, 
as given us by ancient authors, the times of 
the year when fuch ftar rofe or fet, either 
cofmically, achronically, or heliacally, may 
be thus obtained by the preceding problems, 
agreeable to the period of the author under 
coniideration. 
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TABLE of RetroceflSon and Autumnal 

Equinoxes. 

Retrocei&o^. Automna) Equinoxes. 



Years. 

6000 

5000 

4000 

3000 

2000 

1000 

900 
800 
700 
600 
500 
400 
300 
200 
100 



80 
70 
60 

40 

20 
10 



9 

8 

7 
6 

5 

4 

3 
2 

T 



D/H. M. 
45 20 o 
38: 4 40 
30. 13 20 
22 22 o 
15 6 4c 

7 15 ^Q 



■I m 



6 
6 

5 
4 



21 o 
2 40 
8 29 

14 o 



3.19 40 
3 I 20 

270 

I 12 40 

O 18 20 



O 
O 
O 
O 
O 

o 
o 
o 
o 



16 30 

14 40 

12 50 
II O 

9 10 
7 20 

5 30 

3 f 9 

:o 



pays. H. M.| 
2191454 4 o 

1 82621 j[ 19 20 
1460^6^. 16 40 
1095727 2 O 

730*4 J 7 20 



' ■ 



3f 

I .5< 



o 
o 
o 
o 
o 
o 
o 
o 
o 



I 
I 
I 

I 
o 



o 



3(2871^ 3 o 

29119^ 2t 20 

25j66t 15 40 
219(45 10 o 
iS1l6M "4 20 
146990 22 40 
109572 17 o 
73640 il 20 

_3i52+ S 40 



^ X 



39 „ 

2?n 

'J I 

H 

33 



o 22 

O It 



3257f 19 30 
2921O 9 20 
25^6^ 23 10 
aigii 13 o 
1^16^ 2 50 
114609 i|6 40 
10957 6 30 
7304 20 20 

.1652 IQ OJ 



3287 4 21 
2921 22 32 
2550 16 43 
2191 10 54 

t%26 5 5 

rij.60 23 16 

1095 17 27 

730 II 38 



z 2 
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A TABLE of Months, 



ll 

A 


'A 

s • 

•= JS 

3» 


« 


• 

3» 


January 


D 


28 


February 


59 


D 


31 


March . 


90 


G 


30 


April 


120 


B 


31 


May 


'51 


£ 


30 


June 


' 181 


G 


31 


July 


• 

212 


C 


3« 


Auguft 


243 


F 


30 


September 


273 


A 


31 


Oaober 


304 


D 


30 


November 


334 , 


F 


3> 


December 


365 


TA 


« 

BLE of Wee 


;k-Day 


r 


4 

1 



I 

2 

3 


Monday 
Tuefd^y 

Wednesday 

Thurfday 

Friday 

Saturday 

Sunday 


L 

* 
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A TABLE of tht Horary Difference in the 
Motion of the firft Point of Aries 'at the 
Time of a Vernal Equinox. 



M. 


S. '" 


IM. 


S. '" 


H. 
I 


M. S. 


H. 

31 


M, S. 


° i 


4 42 


2 


18 


32 


4 5? 


3 


27 


33 


5 


4 


36 


34 


5 9 


S 
6 


45 


35 
36 


5 18 


54 


5 27 


7 


I 4 


27 


5 36 





» J3 


1 38 


5 45 


9 


I 29 


39 


5 54 


10 
II 


I 31 


40 
41 


6 3 


I 40 


6 12 


12 


I 49 


42 


6 21 


'3 


I 58 


43 


6 31 


H 


a 6 


•44 


6 46 


IS 
16 


2 16 


45 
46 


6 49 


? 25 


6 58 


'.I 


2 34 


+Z 


7 7 


2 43 


48 


7 10 


19 


2 53 


42 


7 25 


20 
21 


3 2 


50 
51 


7 -34 


3 " 


7 43 


2? 


3 20 


52 


7 52 


23 


3 29 


[53 


8 


24 


3 38 


54 


8 8 


25 
26 


3 47 


55 

56 


8 17 


3 5^ 


8 25 


27 


4 4 


57 


8 35 


28 


4 »2 


58 


8 45 


29 


4 22 


59 


8 55 


,3a 


4 32 


60 


,9 ft 
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* 

A TABLE of the Difference of the Paffagtf 
of the firft Point of Aries over the Meridian, 
for eVfery Day in the Yean 







I. 






Days 


January. 


February. 


March. 
H. M. S. 


1 "> 


H. M. S. 


H. M. S. 


I 


5 10 53 


2 58 46 


I 9 50 


1 


2 


6 28 


54 42 


6 7 


I 


3 


2 4 


50 39 


2 24 


2 


4 


4. 57 40 


46 37 


58 41 


3 


5 
6 


53 16 


42 36 


54 58 


4 
5 


48 53 


38 36 


51 16 


7 


44 3» 


34 36 


47 34 


6 


8 


40 9 


30 37 


43 52 


7 


9 


35 47 


26 3^ 


40 II 


8 


10 

11 


31 26 


22 42 
1845 


36 30 


9 

10 


27 6 


32 50 


12 


22 46 


14 50 


29 10 


II 


^3 


18 27 


10 55 


25 31 


12 


14 


14 9 


7 I 


21 52 


13 


15 
16 


9 51 


3 7 


18 13 


14 
IS 


5 33 


I 59 14 


>4 34 


17 


I 17 


55 22 


10 55 


16 


18 


3 57 2 


51 32 


7 16 


•7 


19 


52 47 


47 42 


3 38 


18 


20 
21 


48 33 
44 19 


43 52 


000 


19 

20 


40 3 


23 56 22 


22 


40 6 


36 14 


52 44 


21 


^3 


35 54 


32 26 


49 6 


22 


24 


34 43 


?8 39 


45 28 


23 


^5 
26 


27 33 


24 52 


41 50 
38 12 


24 

25 


23 24 


21 6 


J28 


19 '5 


17 20 


34 34 


26 


'5 7 


13 35 


30 56 


27 


29 


II 




27 18 


28 


30 


6 54 




23 40 


29 


ii 


2 49 




20 2 


30 
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II. 







A'pfn. 


JVJay. Jujie. 


[?| 


H. M. ^ 


-».: M7 c., . 


TiT,- M, s. • 


I 


23 i6 ?4 


21 <25 12 


I 19 92 |t8 


1 • 


2 


12 46 


»i 23 


18 92 


I. 


3 


9 8 


J7,33 


14 16 


2 


4 


5 29 


13 43 


10 

1 ^ ^ 


3 


5 
6 


1 50 

a 58 1 1 


9 J2 


6 2 


.4 
5 


6' b 


^ '55 


7 


5433 


2 8 


i8 57 48 


6 


8 


so 54 


20 58 16 


53 40 


7. 


9 


47 H 


54 ?3 


49 32 


8, 


10 
II 


43 35 
39 55 


50 30 


45 »4 


9 

10 


46^35 


41 IS 


12 


36 14 


42 40 


37 6 


II 


13 


32 33 


38 44 


32 57 


12 


14 


285a 


34 49 


28 48 


»3 


15 
16 


35 II 
21 30 


30 s« 


24 39 


»4 
»5 


2^ 54 


20 99 


17 : 


17 47 


22 56 


16 ^0 


<6. 


iS 


14 4 


18 58 


12 .11 


^r^ 


19 


10 21 


H 59 


8 I 


<8. 


2p 


6 38 


II 


351 


19 • 


2 54 


7 


»7 59 42 


22 


21 59 II 


2 19 


55 33 


aji 


23 


55 a6 


1-9 J8 59 


51 23 


22 


24 


5» 41 


54^8 


47 »4 


23: 


25 
2JS 


47 55 


50 56 


43 4 


24 

as 


44 9 


46 53" 


38 55 


*r 


40 23 


42 50 


34 46 


26 


2B 1 


36 36 


3846 


30 37 


27 : 


29 


3*48 


3442 


. -26 29 


38 


30 


29 


30 38 


22 ap 


29 


31 




* a6 33 




J2.I 
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III. 



1 


July. 


Auguft. 


September. 


0> 

Q 


H, M. S. 


H. M. S. 


H. M. S. 


I 


17 18 II 


15 13 26 


13 17 22 




2 


14 I 


9 33 


13 45 
10 8 


I 


3 


9 56 


5 41 


2 


4 


548 


I 49 


6 31 


3 


5 

6 


1 41 


14 57 58 


* 54 


4 
S 


»6 57 34 


5+ I 


12 59 17 


7 


53*8 


50 18 


55 40 


6 


8 


49 22 


46 29 


5^ + 


i 


9 


45 »7 


42 40 


48 28 


II 
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CATALOGUE 

OF 

Mathematical, Philofophical, and Optical 

INSTRUMENTS, 

Made under the Infpedion and Diredion of 
GEORGE ADAMS, Mathematical Iri- 
ftrument. Maker to his Majefty George 
the Hid. 

At the Sign of Tycho Brahe's Head, No. Sq^ in 

Fleet-Street, London. 

Where Gentlemen, Ladies, and Merchants, &c, may be 
fupplied with Inflruments which are invented and improved 
by him, as well as with thofe contrived by the ableft 
Mathematicians in Europe. 
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t m SHE ftudy of the mathematicks being 
now become a neceflary part of every 
gentleman's education, we need not won- 
der at the great progrefs which this fcience has, 
of lace years, made in moil parts of Europe ^ 
fince it contains fuch an inexhauftible fund of 
ulefui knowledge, as is fufEcient to gratify every 
tafte, and employ every talent. The nobleft ge- 
nius may, in the purfuit of it, exert his utmoit 
faculties •, and the meaneft will not fail of finding 
fomething that is within his reach. The theory 
affords an ample field to the fpeculative part of 
mankind, and the pra£lice is produiftive of feveral 
advantages to men of action and bufinefs. 

Mathematical 
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2 A Catalogue of 

Mathematical inftruments are the means M^ 
ivhich thofe noble fciences, geometry, philofophy, 
aftronomy and optics, are rendered uleful in all 
the common and necefTary occurrences of human 
life. By their afliflance an abftrafted and unpro- 
fitable fpeculation is mlade beneficial in a thoufand 
inflances : in a word, they not only enable us to 
conne6t theory with praftice, but alfo inftruft us 
how to turn bare contemplation into, the moft 
fobftantial ufe, by making one of the moft fcrvice- 
ablc branches of learning the natural *way of ren- 
dering this knowledge general and difFufive. 

The knowledge of thefe leads to that of prac- 
Ical mathematicks, and experimental philofophy; 

that the ufcs of mathematical and philoibphical 
inftruments make, perhaps, one of the moft fer« 
viccable branches of learning in the whole world 5 
ind the natural way, therefore, of rendering this 
knowledge general and diffufive, is by making 
that of its inftruments fo. 

As pradtical mathematicks, and experimental 
philofophy^ teach us the powers of nature, the 
properties of natural bodies, and their mutual 
adions on one another ; this knowledge cannot be 
attained without inftruments, and the concluQons 
and proofs we expeft from it depend very much 
upon their exaftnefs. In order therefore to give 
a fufficicnt fatisfa&ion to thofe who honour me 
with their cuftom, it is my particular and greatcft 
aim to produce fuch inftruments as may facilitate 
the progrefs of mathematical and philofophical 
learning. 

In all my performances I endeavbur not to aug«? 
ment the inftrumenrs with fuperfluous ornaments, 
that they may be of frequent ufe to thofe of mid- 
dling fortunes, and alfo that their ncatnefs may 

render 
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r Mathematical hiflrumcnts. g 

render them not unworthy of a place in the Caia- 
nets of the curious. 

That their exaftnefs may be particularly attended 
to, I always infpedl and dircd the feveral pieces 
myfelf, fee thcni all combined in my own houfc, 
and finilh the moft curious parts thereof with my 
own hands. That the conftruaion may be as 
fimple and fubftantial as the ufc of each inftrumcni 
will admit, it is my conftant ftudy to contrive them 
in fuch a manner, that they may be managed witli 
the greateft cafe. I alfo have refpeift to their being 
made applicable to feveral operations, cfpecially 
when the extent of their ufes does not pn-judice 
their fimphcity, to the end that inftrunients may 
not be multiplied without necellity. 

In the ibllowing catalogue I have ranged the 
inftrumenis in clalies under the heads of' their 
fcveral branches, and have numbered each parti- 
cular inftrument ; fo that if a gentleman is defir- 
ous of any one or more of them, and is at any 
diltance from London, he need only fend me the 
numbers adjoining to thofe he intends to purchafc, 
and he fhall be fcrved with fidelity, and at the 
lowed prices. 

Inftruments for Geometry, Drawing, &c. 

VAriety of pocket cafes of drawing inftruments, 
in liivcr, brafs, ivory, or wood, from los. 6d. 
to 5I. 5s. Thefc contain more or Ids of the fol? 
lowing articles, which limit their price. 

1 Plain compaflcs foe meafuring lines, &c. 

2 Drawing compallcs, with moveable points, viz. 

an ink point for fweepin^ citcles, or arches 
of any determinate ihicknefs, and a bUck 
lead puint. 

3 Drawing 
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3 Drawing pens, cither with or without a pro- 

tra&ingjpin. 

4 SeAors, for finding proportions between quan- 

tities of the fame kind, as between lines and 
lines, furfaces and furface^, i^c. either of box, 
ivory, brafs, filver, (^c. 
tt Plain fcales, or, > . , - , 

6 Square protraaors, or,>*=*^V -, ' IT"^' 

7 SraUel rules, at« S *"^^'» ^'^^''» ^'- 

8 Semicircle protractors, of brafs. 

In the beft cafts, the compaffes are always 
made with fteel joints, and the knibs of all 
the pens are made to open with a joint, in 
order to clean them, in which are alfb fome- 
times put, 
g Hair compalles, fb contrived on the iniide of 
one of the leg3, that an extent may be taken 
to an hair's breadth* 

10 Circular (or bow) CompafTes, with which a 

circle as fmall as a pin's head may be de« 
fcribed. 

In a magazine cafe of drawing inftruments 
is generally contained all the above inftru- 
ments, together with the following particu- 
lars, 

1 1 Drawing compaffes, with moveable legs longer 

than thofe of No. 2. 

12 Strong compaffes, with calliper and cutting 

points. 

13 Beam compaffes, for drawing larger circles, 

and taking larger extents. 

14 Proportionable compaffes, for the ready dimi- 

nifliing plans or drawings, in any affigncd 
proportion. 

15 Twelve inch brafs feftors, of a new con- 

ftrui5lion. 

1 6 Triangular 
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^Bl6 Triangular compafles, for transferring three 
■^ points at once, from a map, or any drawing, 

to another copy. 

17 Perfpcftive compafles, for afcertaining the re- 

lative proportion of objefts. 

18 Adams's feCtoral compafles. Thefc compafles 

lerve all the purpofes of calliper, elliptical, 

I beam and perfpeftive compafles. 

N. B. The above, when adapted to mili- 
tary purpofes, becomes the moft ufefu! 
inftrument hitherto invented for a field 
officer, containing in a fmall compafs, 
and with various advantages, the ufes 
of many inftruments. 

19 A pointrcl and feeder, having at its upper end 

an oval plate for clearing the drawing pen of 
any dirt or grit that may happen between the 
knibs, and in the middle thereof Is a pro- 
tradting pin. 

20 Elliptical compafles, for dcfcriblng cllipfis of 

various cxcentricities. 

21 Bows, for drawing curved lines. 

22 Port crziyons. 

2 3 Large plain fcales. ) « . , , „ 

24 Plotfml 1-c.Ies. (Sometimes thefc are =11- 

26 Plain and parallel rules, of fcvcral fixes. 

27 Ivory pallates for Indian ink and colours. 

28 Gunners callipers. 

39 The regular Iblids, or platonick bodies cut in 
wood, 

30 Cylinder hiflefted. 

3 1 Cones, with all their proper feilions. 

32 Flat plates, for dei'cribing the conic fcdions 
upon paper, defigncd for thofc who are Itudy- 
ing that branch of fcicnce. 

la 
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' in thefc magazine cafes, gentlemen majr. 
have what numper of inftrumems thdy think' 
proper. 

Rules of all forts, for meafuring of timber, 
ftone, painting, brick-work, &c. at the ufuat 
prices. 

Surveying Inftrumcnts, Gf^. 

33 TJLAIN tables, with an index and fights, 
Jt whereby the draught or plan is taken on 

the fpot, without any future protradion, hav- 
ing a compafs fitted to one of its fides, and 
the whole fixed upon a ball focket, with a 
three legged ftafi^, upon which it may be 
turned round, or faftened with a fcreW, as 
occafion requires. 

34 Beighton*8 plain tables^ with an index whereby 

the line of fights is always over the tenter of 
the table, the (lation lines drawn parallel to 
thofe meafured on the land ; and tl^ table fee 
horizontal by a fpirit level. In this table the 
papers being fquare, are readily laid together, 
and compofe the whole furvey in one view. 

Theodolites for meafuring angles, diftan- 
ces, altitudes, &c. Thole inftruments are 
made various ways, fome being more fimplc 
and portable, others more accurate and expe- 
ditious. 

35 The plain theodolite, which confifts of four 

plain fights, two fattened to the limb, . and 
two on the ends of the index, with a com- 
pafs on the index plate, divided into degrees, 
and the limb fubdivided into minutes by a 
nonius diviHon, the whole fitted on a ball 
and focket, and that placed upon a three- 
legged ftaff. 

^6 Theodolites, 
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^36 Theodolites, with all the above pantkrulars, 
•and • the add i tion .of .a telcfcopc. ' . . ' 

37 Theodolites of the tateft rmprorementi.bexf^ 
the moft accurawJuftcument yecihvenred for 
furveying land, w,hith. may .be- fct. truly. hari- 
zontal, by parallel plates and fcrews.' "Om tlic 
index, and over the (iotnpafs-box is.feed a 
double fextanf, which -moyejs exadbly. in a 
vertical circle, with a fpirit level,* arid over 
that a telefcope,- fo contrived, that.when the 
bubble refts in the middle of the fpirir. tube, 
the interfedlion of the hairs in the telefcope 
will cut an exaft level. The.double.fextant is 
divided in fuch a manner as to fhewon one 
fide thereof the degrees and minutes, of ' ajiy 
altitude or depreffion within the extent oif its 
divifions. On the other fide are divifions for 
taking the height of timber ftanding in feet; 
and on the limb there are alfo divifions fpr 
meafuring its breadth. It muft be alfo ob- 
ferved here, that both horizontal and vertical ^ 
angles are obferved at the fame time, which 
is extremely ufeful in laying down plo;s,. 
when the hypothenufal are to be reduced to 
horizontal lines; when the telefcope rs di- 
refted to any objeft, the whole irilrumenc is 
fixed* in fo firm a manner, that on direftind: 
the telefcope to the next> the limb remaiiis 
entirely ftedfaft, which in other inftruments of 
this fort is very difficult to be cfFeftcd. 

38 Circumferentors, the principal furveying in-» 
ftrument ufcd in the Weft-Indies, It is very 
fimple, yet expeditioiis in the praftice^ and 
confifts only of a brafs circle, with a compafs 
divided into 360 degrees, on the center of 
Vt'hich is fufpended a magnetic needle, and 

A a an 
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an index> on whofe extremities are two fights; 
the whole is mounted' on a fta^F, and fome« 
timesy for conveniency, on a ball and focket. 
j^ Adams's improved circumferentor, with a no* 
nitts for taking vertical and horizontal angles. 

40 Gunters, or four pole chains. 

41 Air levels, which (hew the line of level by 

means of a bubble of air and fpirits of wine 
hermetically inclofed within a glafs tube for 
the pocket. 

42 Air levels, with tdefcope fights, mounted on 

a three-legged ftafF; they have a particular 
contrivance, by which they may be adjuftcd 
(if put out of order) to a true leve^at any 
x>ne ilation. 

43 Gunners levels, generally called perpendiculars. 

44 Levelling (laves. 

45 Plotting fcales. 

46 Feather edged fcales. 

47 Pantographcrs, for reducing, or enlarging, or 

copying plans of furveys, piftures of any 
kind, and reducing ihadows of the human 
fide face, and this without any previous habit 
of drawing. 

48 Pedometers, to mcafure the way in walking. 

49 Perambulators, way-wifers, or meafuring- 

wheels; ditto for coaches. 

50 Major - General Williamfon's new in(lrumcnt 

for elevating pieces of ordnance. 
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Opticat Inftrunachts. 

51 T) EST double joint fi?vcrfpeftacles i 10 

52 Jo Ditto with Brazil pcbfbles - 1160 

53 Bcft finglc joint filver -— o 15 o 

54 Ditto with pebbles 

^^^ Beft ftecl double joint — o li o 

56 Ditto ^ — 080 

57^ Ditto ' ' ' ' 050 

58 Ditto ' ' 035 

59 Ditto — — 026 

60 Nofe* fptftacles — - is. to o so 

61 Concave glafles — is. to 9 20 

62 Reading glafTes in various mounting, 

from ■ IS. 6d. to 3 30^ 

^3 Opera glaflts from — 5s, to 3 30 
64 Night tclefcopes — — 170 

6$ Ditto, 2 feet — ■ 2 12 6 

66 Reflefting telefcopes, 14 inches $50 

67 Ditto, 18 inches — — 880 

68 Ditto, 2 feet ■ ' "" — — 12 12 o 

69 Ditto, with rack- work' 16I. 1 6s. to 25 o o' 

70 Ditto, to a 3 foot ditto *— — 31 lO"^ o 

7 1 Micrometei^ for ditto, with acromatic 

objeft glafs 

72 Wilfon*s pocket microfcopc - - 2 2^ a 

73 Ditto — *— — i — 2 12 6 

74 EHis*s aquatic microfcope —^220 

75 Ditto and Wilfon** together - - 4 14 6 

76 Double microfcopc 660 

77 Ditto in a flat box* ~ — 9 9 o 

78 Culp^r's microfcope ■■■ ■ » 3 3 o * 
79 'Adams's improvcdVariable, with an 

extenfivc field diftin'ft vifion, and 

other peculiar properties — 21 00- 

80 Ditto with left apparatus — — 16 16 o 

A a 2 81 Solar 
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8 1 Solar microfcopc * 5 50 

82 Ditto ■ ' ■■ 660 

83 Dittofor opake objefts * - 12I. to 15 15 o 

84 Adams's lucernal microfcope and ca- 

mera obfcura, to be ufed at night 21 . 0.0 

85 M.icmfcopic apparatirs„containing the 

double, folar, and fingle, in one 
, cafe — ;- . . — ?ol. I OS. to 15 15 
8^ Caniera obfcura from Jics. 6d. to 880 

87 Magic lanthorns _.-,, - 1 6s. to ^-20 

88 Concave and convex mirrors, accord- 
, ing to the fize. 

^9 Zografcopes from , . . . 16s. to 4 40 

90 Acromatic telefcopcs from i ft. to Zii. 

at 1 6s. per foot 

91 Ditto, with large apertures, 2 ft. 2 12 6 

92 Ditto, to fcrew up in a fhort fpace 3 ^3 ^ 

93 Three foot large aperture ■ .4 14.6 

94 Thirty inch acromatic telefcopes, with 

one eye tube for terreftrial objefts, 

and one for aftronoijiical ufes - 880 

95 Ditto in brafs ... ■ — r- 10 10 o 

^6 Ditto 3I feet — — 18 18 o 

97 Ditto with rack-work, &c.from281. to 40 o o 

98 Fifteen inch, with rack- work, and 

triple objeft glafs ■ 15 15 o 

99 Perfpedive glafles, acromatic objedl 

glaifes, two eye glafles i 10 

ICO Ditto * I II 6 

loi Ditto 4 eye glafs on a fl:and - - 2 12 6 

102 Seven inch perfpeftive triple objeft 
glaflTes, in wood ■ i 16 o 

103 Ditto in brafs or nurfe ■ 220 
J 04 Ditto with ftands ■ 3 2 o 

105 Other telefcopes at the ufual prices. 

106 Glafs prifms, &c, 

Philofophical 
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107 A DAMS's improved elejftrical .. 

£^ machines, with Dr. Nooth's 

cuftiions ' ' ■ ' V .4 

ic8 Ditto large, from 14!. 14s. to 21 
109 Mechanical powers in a hew, com- ' 

modious, and elegant form - 21 

Pneumatical Infh-utnents. * 

no yi IR pumps, exclufive of any 
/V apparatus. 

1 1 1 Single barrelled — 2 

112 Small double barrelled -- — 

113 Ditto larger ■■ ■ 

1 14 A large table air-pump 

115 Smeaton's air-pump improved - 

The apparatus to either of thefc 
according to the defire of the pur- 
chafer. 

116 Portable barometers — 

117 Ditto with fpirit thermometers 

118 Ditto with mercurial thermometers 

119 Ditto with ditto and hygrometers 

1 20 Ditto with ditto and ditto, with glafs 

doors — — 

121 Other barometers with open cifterns 

of feveral curious conftruftions, of 
a new contrivance, with diagonal 
barometers, either with fingle, dou- 
ble, or triple tubes. Wheel baro- 
meters, de lues, &c. all at realba- 
able prices. 

122 Farenhcidt's thermometers 

123 Ditto for the pocket 

124 Botanic thermometers 
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151 An univcrfai equatorial inftrument, 

or portable obfervatory — 73 10 o 

And aJI other aftronomical inftruments, as feelers 
for obferving, angular diftances and differences in 
right afcenfion^ equal altitude inltruments, and 
tranfit inflruments, &c. of various prices according 
to their jQze, &c» 

Navigation Inflruments^ 



o 



152 TT AD LEY'S quadrant — 20 

^53 JL X Ditto ■ ■ 2 12 6 

154 Ditto — - 3 3^ 

155 Ditto ■ 440 

156 Hadley's fextant 81. 8^. to 15 15 o 

157 Dr. Knight's fleering compafs - 212 6 

158 ' azimuth compafs. - 515^ 

159 Artificial horizons. 

160 Marine barometers. 

161 Lind's wind guage. 

Thefe, with all forts of fcales, rules, and all the 
inftruments ufcd in experiments of natural philo- 
fophy, for mechanics, pneumatics, bydroftatics, &c, 
are made, when ordered, at moderate prices. 

To enumerate all the various articles that are 
ufed in making experiments, or for other purppfes^ 
would alone fill a volume. I have therefore felc6ted 
the principal inftruments in ufe, to moft of which I 
have affixed prices and numbers, for the ' eafe of 
thofe gentlemen and ladies at any diftance from 
London, who may have occafion to write for anj 
of the above inftruments. 

To their humble fcrvant, 

GEORGE ADAMS, 

At No. 60, in Fleet-Street, London. 
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